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A survey on the degree of eye discomfort
caused by video terminal use among college
students in different altitudes
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Abstract

Objective To analyze the risk factors associated with different levels of eye discomfort due to video terminal use
among college students at different altitudes.

Methods This cross-sectional study was conducted to assess the prevalence and extent of eye discomfort by
distributing an questionnaire to university students via the Internet. To analyze the causes and risk factors of eye
discomfort among college students at different altitudes after using video terminals.

Results A total of 647 participants who met the criteria were included in this survey, of whom 292 (45.1%) were
males and 355 (54.9%) were females. The results of the survey showed 194 (30.0%) participants without eye
discomfort and 453 (70.0%) participants with eye discomfort. The results of the univariate comparison of the degree
of eye discomfort in the study subjects with different characteristics showed that the differences in the degree of
eye discomfort were statistically significant (P <0.05) for the 7 groups of indicators: gender, region, wearing corneal
contact lenses for more than 2 h per day, frequent use of eye drops, sleep time, total time of VDT use per day, and total
time per VDT use, while the remaining indicators, including age, profession, and whether refractive surgery or other
eye surgery was performed, whether frame glasses were worn for a long time, and duration of daily mask wear were
not statistically significant. The results of multi-factor logistic analysis of the degree of eye discomfort in the study
subjects with different characteristics showed that gender, region, frequent use of eye drops, sleep time, and total
time of VDT use per day were the risk factors affecting the degree of eye discomfort.

Conclusions Female, high altitude, frequent use of eye drops, shorter daily sleep duration and longer daily VDT use
were associated risk factors for the development of severe eye discomfort, where the severity of eye discomfort was
significantly negatively correlated with increased sleep duration and significantly positively correlated with increased
total time of VDT use.
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Introduction

The diseases that affect people’s eyes and physical and
mental health due to the prolonged and frequent use of
video terminals are collectively known as video display
terminal syndrome (VDTs) and also known as com-
puter vision syndrome (CVS) by the American Acad-
emy of Optometry [1-3]. This is a clinical syndrome
that is characterized by dry eyes, visual fatigue, blurred
vision, decreased visual acuity, itchy eyes, burning for-
eign body sensation, orbital pain, eye swelling and other
ocular symptoms; dizziness, headache, nausea, sleep dis-
turbance, memory loss, hair loss and other neurological
symptoms; numbness, abnormal sensation, tremor, pres-
sure pain, low back pain and other symptoms. numbness,
abnormal sensation, tremor, pressure pain, low back pain
and other shoulder, neck and wrist syndromes; loss of
appetite, resistance, constipation, etc., and even different
degrees of impact on the endocrine system.

Many studies have shown that eye-related symptoms
with eye fatigue, irritation, burning sensation, dry eyes,
redness, blurred vision, and other eye discomfort are the
most common health problems among VDT users, and
dry eyes seem to be the main influencing factor [1-12].
In recent years, due to the widespread use of video dis-
play terminal (VDT) such as cell phones, tablets, and
computers, global warming, the popularity of air condi-
tioning, and the aging of the population, the incidence of
dry eye has increased significantly and has a tendency to
become younger, with a prevalence of 30-50% worldwide
and a prevalence of 21-30% in China. The number of dry
eye patients is estimated to have reached 360 million,
with a possible addition of 10% each year, and dry eye
patients in China have accounted for more than 30% of
ophthalmology outpatients, and dry eye has become an
important problem affecting national eye health in China
[9-16]. Dry eye and video terminal syndrome are closely
related, and prolonged use of video terminals may lead to
the gradual progression of functional dry eye with VDTs
as the main manifestation to typical dry eye with physical
signs [17, 18].

Video display terminal syndrome(VDTs)not only affect
the quality of life of patients and have an impact on phys-
ical health, but also on mental health to varying degrees,
and the global epidemic of the new crown epidemic has
significantly exacerbated these discomfort symptoms and
disease progression, leading to an increased economic
burden on patients and society and seriously affecting the
development of society [19-21].

As a growing public health problem, the factors affect-
ing eye discomfort are multifaceted [22]. Our team’s
preliminary investigation found that the prolonged use
of video terminals (VDT) and the shortened sleep time
were significantly correlated with the prevalence of eye
discomfort symptom in high-altitude areas [23]. China is
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a vast country with a high topography in the west and a
low topography in the east, and there are significant dif-
ferences in altitude between different provinces [24]. It
has been reported in the literature that environmental
conditions such as low oxygen, low humidity, high wind,
and strong ultraviolet light caused by high altitude can
affect the ocular surface condition [25]. However, there
are still no reports on the exact relationship between dif-
ferent altitudes and the degree of eye discomfort.

The global outbreak of the neo-crown epidemic in late
2019 has changed people’s lifestyles to varying degrees
and has affected all aspects of our lives. In response to
the national call to reduce the mobility of people to pre-
vent the further spread of the rampant New Coronavi-
rus, most university students have switched from offline
face-to-face instruction to online teaching mode, and
many of them were advised to strictly limit the frequency
and scope of outdoor activities during the epidemic.
Compared with the pre-epidemic period, this online
based teaching mode with reduced offline exposure has
undoubtedly greatly increased the time and opportuni-
ties to use video terminals during the learning process,
and also leads to more attention to streaming video con-
tent or participation in entertainment activities such as
video games, which leads to a significant increase in the
likelihood of VDTs among school students as they spend
more time looking at the screen [26-28].

China has a population of nearly 1.5 billion people,
and according to the National Education Development
Statistical Bulletin 2020 published by the Ministry of
Education, there are more than 41 million university stu-
dents in school, including a total of more than 1.1 mil-
lion graduate students [29]. The group of enrolled college
students has their own typical characteristics: most of
them have passed the entrance physical examination and
are relatively healthy without other underlying diseases;
they have a higher education level and have completed 12
years of basic education, which enables them to complete
the questionnaire effectively; their spare time and course-
work require more time to use VDT compared with pri-
mary and secondary school students [30], so the subjects
of this survey are chosen to be enrolled college students.

Quantitative assessment of patients’ subjective symp-
toms through questionnaires is considered to be one of
the main methods for DED diagnosis [31-33]. The Ocu-
lar Surface Disease Index (OSDI) questionnaire is one
of the most accurate specific questionnaires for ocular
discomfort symptoms and is also an effective method
commonly used for rapid diagnosis of DED [33-35].
Combined with the previous survey study, we adjusted
the questions of the questionnaire based on the OSDI
scale to fully understand the relevant factors affecting the
degree of eye discomfort.
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In this study, we selected college students from differ-
ent altitudes in China as the subjects, and analyzed the
risk factors related to the prevalence and degree of eye
discomfort after using VDT in college students from dif-
ferent altitudes by filling out the questionnaire.

Information and methods

Survey subjects

A total of 647 college students from different altitudes
in China were randomly selected to fill out the question-
naire, 292 were male students and 355 were female stu-
dents, with an average age of 22.91+4.9 years.

Questionnaire content and assessment criteria

Before the start of the survey, participants were
instructed to complete the questionnaire under a uni-
fied measurement standard right. The scores of the OSDI
scale questions in the questionnaire were summed and
then grouped according to the different total scores.
The groups were divided into 4 groups according to the
degree of eye discomfort symptom: no eye discomfort
symptom group; mild eye discomfort symptom group;
moderate eye discomfort symptom group; and severe eye
discomfort symptom group. In this survey, based on the
OSDI scale, additional questions were asked about the
participants’ region, their university majors, whether they
had refractive surgery or other eye surgery, whether they
wore corneal contact lenses for more than 2 h per day,
whether they wore frames for a long time, whether they
used eye drops frequently, sleep time, total time of VDT
use per day, and total time per VDT use, and the daily
duration of wearing masks. This study was conducted to
analyze the risk factors associated with the occurrence of
eye discomfort and the degree of eye discomfort among
college students at different altitudes.

The study was conducted by sharing the link to the
online questionnaire through the Internet and inviting
university students in different regions to participate
in the survey voluntarily and anonymously. Before the
release of the questionnaire, participants were informed
of the requirements and details of the questionnaire
in general on the linked platform. After clarifying that
the survey was strictly confidential, participants chose
whether to participate in the survey and gave their verbal
informed consent. The study was approved by the Ethics
Committee of the First People’s Hospital of Yunnan Prov-
ince (KHLL2022-KY056) and was conducted in accor-
dance with the principles of the Declaration of Helsinki.
In accordance with the recommendations of the OSDI
guidelines [34], all participants were informed of the
requirement to fill in their comprehensive profile for the
past week truthfully before completing the questionnaire,
and all data were subsequently exported and analyzed via
an Excel spreadsheet.
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Statistical methods

SAS 9.4 was used for data management and statistical
analysis. Qualitative data were described using N(%), and
the chi-square test and Fisher’s exact probability method
were used for comparison between groups. For data
obeying normal distribution,x 4 s was used for descrip-
tion and F test was used for comparison between groups;
for quantitative data not obeying normal distribution, M
(P25, P75) was used for description and rank sum test
was used for comparison between groups. Ordinal logis-
tic regression analysis was used to explore the factors
influencing the degree of dry eye disease. The test level
a=0.05, and if there are not otherwise statement, the dif-
ferences were considered statistically significant when
P<0.05.

Results

Description of the general characteristics of the study
subject

A total of 647 subjects meeting the criteria were included
in this study, with a mean age of 22.91+4.9 years. Among
them, 292 (45.1%) were male and 355 (54.9%) were
female; 194 (30.0%) were without eye discomfort and 453
(70.0%) were with eye discomfort. The rest were detailed
in Table 1.

Univariate analysis of the degree of eye discomfort in the
study subjects with different characteristics

The results of the univariate comparison of the degree of
eye discomfort in study subjects with different character-
istics showed that the differences in the degree of eye dis-
comfort were statistically significant for the 7 groups of
indicators: gender, region, wearing corneal contact lenses
for more than 2 h per day, frequent use of eye drops,
sleep time, total time of VDT use per day, and total time
per VDT use, and the remaining indicators including age,
their university majors, whether or not refractive sur-
gery or other eye surgery, whether or not to wear frame
glasses for a long time, and the daily duration of wearing
masks were not statistically significant and may not affect
the degree of eye discomfort, as shown in Table 2.

Multi-factor logistic analysis of the degree of eye
discomfort in study subjects with different characteristics
In this study, the degree of eye discomfort (“no eye dis-
comfort’, “mild eye discomfort’, “moderate eye discom-
fort’; “severe eye discomfort “) as the dependent variable,
and the cumulative value of the lower ordered value as
the modeled probability; the variables that were statisti-
cally significant and professionally considered signifi-
cant in the univariate analysis were used as independent
variables to fit the ordered logistic regression model. The
model parallelism test P=0.126 indicated that the model
was applicable to ordered logistic regression. The results
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Table 1 Description of the general characteristics of the study

subjects

Variable

Gender

Male 292(45.1)
Female 355(54.9)
Age 229+49
Speciality

medical speciality 285(44.0)
Non-medical specialty 362(56.0)
Region

Middle region 223(34.5)
East region 273(42.2)
West region 151(23.3)
Perform refractive surgery or other eye surgery

Yes 45(7.0)
No 602(93.0)
Wearing contact lenses for more than 2 h per day

Yes 54(8.3)
No 593(91.7)
Wearing frames for a long time

Yes 290(44.8)
No 309(47.8)
Occasionally 48(7.4)
Frequent use of eye drops

Yes 49(7.6)
No 598(92.4)
Sleep time(h) 74+1.1
Total time of VDT use per day(h) 7.7+36
Total time per VDT use(h) 29425
The daily duration of wearing masks(h) 55+5.1
Total score 13.9+£135
The degree of eye discomfort

No eye discomfort 194(30.0)
Mild eye discomfort 295(45.6)
Moderate eye discomfort 142(22.0)
Severe eye discomfort 16(2.4)

of model fitting showed that gender, region, frequent
use of eye drops, sleep time, total time of VDT use per
day were the risk factors affecting the degree of eye dis-
comfort, and the effects of the remaining factors were
not statistically significant (1). Gender: OR . er. male
= 1.48, P=0.011, indicating that males were 1.48 times
more likely to have mild eye discomfort than females; (2)
Geograth: OR geography: central region = 1'68' PZO'Oll; OR
region’ €astern region=1.52, P=0.033, indicating that the
likelihood of milder eye discomfort in the central region
is 1.68 times higher than in the western region, and the
likelihood of mild eye discomfort in the eastern region is
1.52 times higher than in the western region, with statis-
tically significant differences between different altitudes,
as shown in Fig. 1; (3) Frequent use of eye drops such as
artificial tears: OR froquent use of eye drops: yes = 0-26, P<0.001,
indicating that infrequent use of eye drops was 1.26 times
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more likely to cause mild eye discomfort than frequent
use of eye drops; (4) Daily sleep duration: OR

sleep time —

N(%)/x £ s1.25, P=0.033, indicating that for every 1 h increase in

daily sleep time, the possibility of mild eye discomfort
increased by 25%; (5) Total time of VDT use per day: OR
total time of VDT use per day = 0-91, P<0.001, indicating that for
every 1 h increase in total daily VDT duration, the likeli-
hood of mild eye discomfort increased by 9%, see Table 3
for details. At the same time, with the increase of daily
VDT use, the total score of ocular discomfort symptoms
increased significantly and the degree of eye discomfort
gradually worsened, and there was a positive correla-
tion between the two; while with the increase of daily
sleep time, the total score of ocular discomfort symptoms
decreased significantly, and the degree of eye discomfort
decreased significantly, and there was a negative correla-
tion between the two, as shown in Figs. 2 and 3.

Discussion

Risk factors associated with the degree of eye discomfort
Altitude

In this survey, it was found that the degree of eye discom-
fort varied from region to region, and the possibility of
developing severe eye discomfort gradually increased as
the altitude gradually increased from east to west. Col-
lege students living in the western region are significantly
more likely to develop severe eye discomfort than those
living in the central and eastern regions.

With the gradual increase in altitude, a number of
physiological and pathological changes may occur that
are closely related to the unfavorable environmental con-
ditions associated with high altitude [36]. These unfavor-
able environmental conditions include low air pressure,
low oxygen partial pressure, low humidity, low precipi-
tation, strong wind, high UV radiation, etc. The various
unfavorable factors brought about by relatively high alti-
tude may lead to accelerated tear evaporation, which may
result in an increase in the prevalence and degree of eye
discomfort [37].

The high prevalence and severity of eye discomfort at
high altitude is a health issue of great concern to oph-
thalmologists. The inevitable increase in the use of video
terminals during the COVID-19 period, due to the long
time closed at home or school, has led to the emer-
gence and even the aggravation of eye discomfort. And
to a large extent, allowing this eye discomfort to occur
and progress, it will most likely lead to the emergence of
organic dry eye disease.

To address this phenomenon, it is important to pro-
vide reasonable and effective health guidance and proper
interventions for outpatients in ophthalmology, including
college student populations. This includes many aspects
such as the use of corneal contact lenses, pre and post-
operative considerations and risks of refractive surgery,
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Table 2 Comparison of the degree of eye discomfort in study subjects with different characteristics [n(%)]
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Variable No(n=194) Mild(n=295) Moderate(n=142) Severe(n=16) XZ P
Gender 2298 <0.001
Male 115(39.38) 118(4041) 52(17.81) (2.40)

Female 79(22.25) 177(49.86) 90(25.35) 9(2.54)

Speciality 7.62 0.055
medical speciality 80(28.07) 126(44.21) 67(23.51) 12(4.21)

Non-medical specialty 114(31.49) 169(46.69) 75(20.72) 4(1.10)

Region — <0.001
Middle region 84(37.67) 94(42.15) 36(16.14) 9(4.04)

East region 81(29.67) 132(48.35) 57(20.88) 3(1.10)

West region 29(19.20) 69(45.70) 49(32.45) 4(2.65)

Perform refractive surgery or other eye surgery — 0.205*
Yes 14(31.11) 16(35.56) 15(33.33) 0(0.00)

No 180(29.90) 279(46.35) 127(21.10) 16(2.66)

Wearing contact lenses for more than 2 h per day — 0.050*
Yes 9(16.67) 27(50.00) 15(27.78) 3(5.56)

No 185(31.20) 268(45.19) 127(21.42) 13(2.19)

Wearing frames for a long time — 0.294*
Yes 92(31.72) 132(45.52) 58(20.00) 8(2.76)

No 94(30.42) 138(44.66) 69(22.33) 8(2.59)

Occasionally 8(16.67) 25(52.08) 15(31.25) 0(0.00)

Frequent use of eye drops — <0.001*
Yes 3(6.12) 17(34.69) 27(55.10) 2(4.08)

No 191(31.94) 278(46.49) 115(19.23) 14(2.34)

Sleep time(h) 21.0(20.0,27.0)  21.0(19.0,26.0)  21.0(19.0,27.0) 25.0(19.5,29.0) 3.36 0.339#%
Total time of VDT use per day(h) 8.0(7.0,8.0) 7.0(7.0,8.0) 7.0(7.0,8.0) 6.0(6.0,7.5) 1756  <0.001#
Total time per VDT use(h) 6.0(4.0,9.0) 8.0(5.0,10.0) 8.0(6.0,10.0) 10.0(8.0,11.5) 3049  <0.001#
The daily duration of wearing masks(h) 2.0(1.0,4.0) 2.0(1.0,4.0) 2.0(1.0,4.0) 3.0(2.0,8.0) 9.03 0.029#
Frequent use of eye drops 3.0(1.0,9.0) 4.0(1.0,8.0) 4.0(2.0,9.0) 8.0(2.5,12.0) 4.99 0.173#

Note: “*” used Fisher’s exact probability method; “#" used rank sum test

and the choice of artificial tears or dry eye treatment
modalities. Medical staff should be trained to be sensi-
tive and alert to dry eye to facilitate early recognition of
symptoms and timely and accurate treatment, and early
detection and timely management can effectively prevent
vision-threatening complications resulting from severe
dry eye disease.

Sleep duration

This investigation found that the shortening of sleep time
had a significant effect on the degree of eye discomfort:
as sleep time shortened, the likelihood of severe eye dis-
comfort increased significantly, with a significant positive
correlation between the two.

Sleep status is an important measure of well-being and
health, and sleep disorders can cause abnormal brain
function and increase the incidence of related diseases
such as hypertension, diabetes, and dry eyes [38-40].
Eye diseases are associated with sleep disorders in many
ways, including a variety of conditions such as poor sleep
quality as well as short sleep duration [41]. However,
both poor sleep quality and short sleep time can seri-
ously affect our physical and mental health and reduce

our quality of life [42]. The COVID-19 pandemic has sto-
len our social space and also affected our sleep to vary-
ing degrees, which has had a significant impact on global
mental health [21]. It has been suggested that sleep depri-
vation may impair lacrimal gland function and induce eye
discomfort, leading to increased levels of eye discomfort
that may be alleviated with adequate rest, while the pres-
ence of eye discomfort may also lead to decreased sleep
quality, creating a vicious cycle between the two [43, 44].
2016-2017 Xiaoning Yu et al. in a large community-
based study similarly found a strong correlation between
poor sleep quality and increased severity of dry eye, and
that improving sleep quality and prolonging effective
sleep time slowed the progression of dry eye, while at the
same time, if eye discomfort symptoms were effectively
relieved, then sleep disturbances could be adequately
improved [38, 45]. In response to this phenomenon, when
ophthalmologists are faced with patients with eye dis-
comfort of different etiologies, especially some of those
who have had poor results with conventional treatments,
including artificial tears, lid gland massage, and other eye
discomfort treatment measures, they recommend that
patients undergo neurology and sleep consultation and
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found that younger college students also had a greater
degree of eye discomfort among women. As with many of
these findings, women have been repeatedly mentioned



Liu et al. BMC Public Health (2023) 23:1209 Page 7 of 10

100 —
o
o
o o
80
o
o
o
60 ° ° o
o
o o
3
@ o 8 0
6 © Q Q o
40 8 8 8 o) le}
§ o o o o
@)
Q [0}
Q Q
2 8
20 @ 8
Q Q 0
Q Q Q
®) 0O
@) Q
Q Q
Q Q
Q Q
e} O o,
04o 8 3 % o
T T T T
0 5 10 15

Total duration of daily VDT use (h)

Fig. 2 Total eye discomfort symptom score and daily VDT use time

100
[e]
[e]
(o]
80
o (]
(o)
60 - o °
o (o]
()]
S
S g g
75} 40 — 8 °
(o]
o]
20 8
(o]
9
(o) (o)
0 o)
T T T T T T
2.5 5.0 75 10.0 125 15.0

Total sleep time (h)

Fig. 3 Total eye discomfort score and daily sleep duration



Liu et al. BMC Public Health (2023) 23:1209

as an important risk factor for the progression of eye dis-
comfort [50, 51], and analysis of this may be attributed to
the influence of sex hormones. It has been shown that the
meibomian gland is an androgen target organ and andro-
gen deficiency may promote the development of meibo-
mian gland dysfunction as well as eye discomfort [52].

At the same time, we consider that the frequency of
cosmetics use in young women, especially eye cosmet-
ics, increases significantly compared to men, and that the
use of eye cosmetics may lead to problems such as block-
age of the lid gland opening due to inadequate makeup
removal, inadequate cleaning, product quality problems,
and other factors, which may also lead to a significant
increase in the prevalence and extent of dry eye [53],
but its fact depends on further expansion of the sample
size according to the actual situation investigation and
analysis.

Frequent use of eye drops

The statistical findings of this study showed that patients
who frequently used eye drops such as artificial tears
were more likely to develop severe eye discomfort. We
believe the reasons for this are that there is a wide vari-
ety of topical drug preparations on the market regarding
artificial tears and other topical drugs, and that there is
a lack of standardized purchasing channels and varying
quality. The potential damage to ocular tissues is becom-
ing apparent: most of the commercially available eye
drops contain different types and concentrations of pre-
servatives and excipients, which have synergistic damag-
ing effects. The abuse of ocular preparations by patients
without regular physician’s orders may pharmacoge-
netically induce epithelial damage and alterations in the
ocular surface microbiome, leading to an increase in the
degree of eye discomfort [54]. Therefore, it is important
to have a clear understanding of drug toxicity when pro-
viding medication instruction to eye discomfort patients
to avoid drug-derived ocular tissue damage.

Conclusion

High altitude, women, shorter sleep time and longer total
daily VDT use are risk factors associated with the degree
of eye discomfort, where the likelihood of developing
severe eye discomfort gradually decreases with increas-
ing sleep duration and gradually increases with increas-
ing total VDT use.

Prior to the COVID-19 pandemic, the socioeconomic
burden caused by eye discomfort was already trending
high [55, 56], and the social status quo brought about by
the COVID-19 has undoubtedly exacerbated the impact
on the severity and prevalence of eye discomfort espe-
cially dry eye. The symptoms associated with develop-
ing dry eye disease such as eye fatigue, eye pain, and
even headache and sleep disorders may further lead to
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reduced work efficiency, reduced quality of life, and even
increased mental health burden, thus increasing the
socioeconomic burden. As a high-risk group for dry eye
disease during the epidemic, it is especially important to
understand the risk factors associated with the disease in
order to provide targeted and effective treatment.

Through this investigation and analysis of the degree
of eye discomfort syndrome caused by the use of VDT
among college students in different altitudes, it can help
us to formulate personalized prevention and treatment
plans for patients attending clinics in different altitudes,
so as to avoid and reduce the damage to physical and
mental health and social and economic losses caused by
the improper use of video terminals.
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