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ABSTRACT
Aim: The present study aims to evaluate the relationship between 
ocular surface disease index (OSDI) and dry eye test parameters 
in computer users.

Material and Method: In this current study, 62 individuals between 
the ages of 20 and 40 years and who spent at least 6 hours of their 
daily life in front of a computer were included. In addition to the com-
plete ophthalmologic examination, dry eye tests including Schirmer 
I test, Schirmer II test, tear breakup time (TBUT), ocular surface 
fluorescein and lissamine green staining were performed on each 
volunteer for both eyes after completion of the OSDI questionnaire.

Results: Of 62 participants, 42 (67.7%) were female and 20 
(32.3%) were male. The mean age of participants was 30.06±4.794 
(21–39) years. The mean computer use time of the participants 
was 10.15 ± 3.040 (6–16) hours/day. The mean OSDI score was 
31.0742 ± 15.05892 (8.3–75). There was a significant negative cor-
relation between OSDI score and TBUT in the right eye (r=-0.718, 
p=0.000) and the left eye (r=-0.667, p=0.000). However, there was 
a slightly negative correlation between OSDI score and Schirmer 
I-II tests in the right eye (r = -0.273, p = 0.032; r = -0.295, p = 
0.020, respectively) and the left eye (r = -0.308, p = 0.015; r = 
-0.296, p = 0.019, respectively). There was a significant differ-
ence between OSDI score and ocular surface staining scores in 
both eyes (p=0.000). There was a significant positive correlation 
between OSDI score and computer use time (r=0.642, p=0.000). 
However, there was no correlation between age, gender, smoking, 
wearing glasses and OSDI score (p> 0.05).

Conclusion: Long-term computer use and longer duration of 
occupation may lead to ocular surface problems. The OSDI was 
found to be strongly associated with daily computer use time, 
TBUT, and ocular surface staining scores in computer users.

Key words: computer; dry eye; ocular surface disease index; ocular surface 
staining; Schirmer test; tear breakup time test

ÖZET
Amaç: Bu çalışmada bilgisayar kullanıcılarında oküler yüzey hasta-
lığı indeksi (OYHİ) ve kuru göz testi parametreleri arasındaki ilişkiyi 
değerlendirmeyi amaçlamaktadır.

Materyal ve Metot: Bu prospektif çalışmada, 20–40 yaşları ara-
sında ve günlük yaşamlarının en az 6 saatini bir bilgisayar başın-
da geçiren 62 kişi dâhil edildi. Tüm oftalmolojik muayenenin yanı 
sıra, her gönüllüde OYHİ anketinin tamamlanmasından sonra her 
iki göz için Schirmer I test, Schirmer II test, gözyaşı kırılma zama-
nı (GKZ), oküler yüzey fluoresein ve lissamin yeşili boyama dâhil 
kuru göz testleri yapıldı.

Bulgular: Çalışmaya dâhil edilen 62 katılımcının 42’si (% 67,7) 
kadın, 20’si (% 32,3) erkekti. Katılımcıların yaş ortalaması 30.06 
± 4.794 (21–39) yıl idi. Katılımcıların bilgisayar kullanım süresi or-
talama 10.15 ± 3.040 (6–16) saat/gün idi. Ortalama OYHİ sko-
ru 31.0742 ± 15.05892 (8.3–75) idi. OYHİ skoru ile sağ göz (r = 
-0.718, p = 0.000) ve sol göz (r = -0.667, p = 0.000) GKZ arasında 
anlamlı bir negatif korelasyon vardı. Ancak OYHİ skoru ile sağ göz 
(sırasıyla r = -0.273, p = 0.032; r = -0.295, p = 0.020) ve sol göz 
(sırasıyla r = -0.308), p = 0.015; r = -0.296, p = 0.019) Schirmer 
I-II testleri arasında hafif bir negatif korelasyon vardı. Her iki göz-
de OYHİ skoru ile oküler yüzey boyama skorları arasında anlamlı 
bir fark vardı (p = 0.000). OYHİ skoru ile bilgisayar kullanım süresi 
arasında anlamlı bir ilişki bulundu (r = 0.642, p = 0.000). Ancak 
yaş, cinsiyet, sigara, gözlük kullanımı ile OYHİ skoru arasında ko-
relasyon yoktu (p> 0.05).

Sonuç: Uzun süreli bilgisayar kullanımı ve daha uzun çalışma 
süresi oküler yüzey sorunlarına neden olabilir. Bilgisayar kulla-
nıcılarında OYHİ’nin günlük bilgisayar kullanım süresi, GKZ ve 
oküler yüzey boyama skorları ile güçlü bir şekilde ilişkili olduğu 
bulundu.

Anahtar kelimeler: bilgisayar; kuru göz; oküler yüzey hastalık indeksi; oküler 
yüzey boyama; Schirmer testi; gözyaşı kırılma zamanı
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Introduction

The viewing of digital electronic screens in the work-
place, at home or as portable equipment is universal. 
Nowadays, in addition to desktop, laptops, and tablet 
computers, electronic books, smartphones, and other 
electronic devices have become substantially wide-
spread in daily life worldwide. Computers are used 
for both professional and social purposes in daily life. 
Given the enormous growth rates of digital device use 
in recent years, millions of people of all ages are at risk 
of dry eye disease (DED)1-4. However, there are many 
risk factors associated with increased risk of the DED, 
including older age, female sex, environmental condi-
tions, occupational factors, nutritional factors, hor-
monal status, systemic medications, topical ophthal-
mic medications, contact lens wear, refractive surgery, 
Parkinson’s disease, diabetes mellitus, autoimmune 
disease, hepatitis C, human immunodeficiency virus 
infection, radiation therapy, and bone marrow trans-
plantation5. The lacrimal functional unit includes the 
ocular surface, lacrimal glands, meibomian glands, and 
associated sensory and motor nerves and eyelids. The 
tear film consists of 3 layers; mucous, aqueous, and lip-
id5. The DED, especially affecting middle-aged or older 
individuals, is one of the most common ocular surface 
diseases on a global scale in recent years6–8. The DED 
has been a major public health problem in older people 
for years, especially prolonged use of electronic devices 
in modern society has posed a challenge for DED in 
recent years9,10. The DED, a multifactorial disorder of 
tear film and ocular surface, results in increased osmo-
larity and instability of the tear film, the discomfort 
of eye, visual impairment and potential damage and 
inflammation of the ocular surface6-8,11. Visual dis-
turbances such as blurred, foggy or fluctuating vision 
and glare are very common in people with DED. The 
DED also affects the quality of life of the individuals, 
including social, physical, psychological and workplace 
productivity7,12. The DED is normally caused by inad-
equate tear production, excessive tear evaporation and 
insufficiency of the production of other components of 
tears (lipids and mucous)13. 

In the United States, about one-quarter of the popula-
tion suffers from DED or instability of ocular surface14. 
It is estimated that the prevalence of this condition is 
higher in Turkey. Computer vision syndrome (CVS) is 
a group of eye and vision problems related to excessive 
computer use. The CVS is very frequent in the world 
and approximately 60 million people worldwide suffer 

from it and one million new individuals are added 
each year. In studies on CVS have suggested that CVS-
related symptoms may be common among long-term 
computer users and that the prevalence of CVS ranges 
from 75% to 90%. It is not only resulting in visual dis-
comfort but also resulting in low quality of life and 
low productivity in the workplace1–3,15,16. Dry eye is a 
substantial contributor to CVS2. There are many symp-
toms of CVS, including dry eye, red eye, eye strain, ir-
ritation, burning, foreign body sensation, watering, 
blurred vision, diplopia, cephalgia, photophobia, diffi-
culty in focusing and changes in color perception3. The 
purpose of the present study was to evaluate the preva-
lence of dry eye problems in long-term computer users 
and to investigate the relationship between long-term 
computer use and ocular surface disease index and dry 
eye test parameters.

Materials and Methods
Nature and possible complications of the study were 
explained clearly to each participant before the com-
mencement of the study and then informed consent 
was obtained from each participant. Sixty-two vol-
unteer participants from various departments of the 
university, whose computer use time was at least 6 
hours, aged between 20–40 and willing to give consent 
for the study, were included in this study. This inves-
tigation adhered to the tenets of the World Medical 
Association Declaration of Helsinki. The experimental 
protocol and consent procedures were approved by the 
Institutional Review Board of the University of Kafkas 
Faculty of Medicine Ethics Committee (approval no. 
13.12.2017/02). A cross-sectional study was conduct-
ed to determine the dry eye prevalence in individuals 
working in front of a computer for a long time at vari-
ous departments of our university. Detailed medical 
history of the participants was questioned and individ-
uals who were <20 or >40 years of age, who were previ-
ously diagnosed with dry eye syndrome, who had an 
ocular surface disease, refractive surgery, extraocular or 
intraocular surgery, and ocular trauma were excluded. 
Additionally, patients with nasolacrimal obstruction, 
acute or chronic ocular infection, allergic conjuncti-
vitis, and patients with eyelid abnormalities, systemic 
diseases such as diabetes and rheumatoid arthritis that 
may cause ocular surface changes, rheumatic or derma-
tological disease such as rosacea and Stevens-Johnson 
syndrome were excluded. In addition, patients who 
used contact lenses, who received topical lubricants, 
those who used topical or systemic corticosteroids and 
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antihistamines, and those who received antihistamine, 
anticholinergic and similar systemic drugs known to 
cause dry eye were also excluded from this study.
The best-corrected visual acuity of all participants was 
evaluated with the Snellen chart. Intraocular pressures 
of the participants were measured by air-puff tonom-
eter, and anterior segment structures were evaluated 
by slit-lamp biomicroscopic examination and fun-
dus examinations were performed with fundoscopy. 
Individuals with characteristics that would adversely 
affect the results of the study were excluded. The de-
mographic characteristics of the participants such as 
age, gender, smoking, wearing glasses, how many hours 
a day they stayed at the computer and the presence of 

ocular symptoms were recorded. Then, the ocular sur-
face disease index (OSDI) questionnaire which con-
sisted of 12 questions was administered to the partici-
pants (Table 1)17. The OSDI questionnaire consists of 
three main sections: ocular symptoms, vision-related 
functions, and environmental factors. The OSDI score 
was obtained by multiplying the sum of the scores 
given to 12 questions by 25, as indicated in the origi-
nal questionnaire, divided by the number of questions 
answered18. The OSDI questionnaire is a scoring sys-
tem with a range of 0–100. According to OSDI score; 
0-12 points were considered as normal, 13-22 points as 
mild, 23-32 points as moderate and 33-100 points as 
severe ocular surface disease19.

Table 1. Ocular surface disease index

Have you experienced any of the following during the last week?

All of the  
time 

Most of the 
time 

Half of the  
time 

Some of the 
time 

None of the 
time 

1 Eyes that are sensitive to light?
2 Eyes that feel gritty?
3 Painful or sore eyes?
4 Blurred vision?
5 Poor vision?

     (4)      (3)      (2)      (1)     (0)

Subtotal score for answers 1 to 5: (A)

Have problems with your eyes limited you in performing any of the following during the last week?

All of the  
time 

Most of the 
time 

Half of the  
time 

Some of the 
time 

None of the 
time N/A

6 Reading? N/A
7 Driving at night? N/A
8 Working with a computer or bank machine (ATM)? N/A
9 Watching TV? N/A

     (4)     (3)     (2)     (1)      (0)

N/A: Should be marked when there is no observation
Subtotal score for answers 6 to 9: (B)

Have your eyes feel uncomfortable in any of the following situations during the last week?

All of the  
time 

Most of the 
time 

Half of the  
time 

Some of the 
time 

None of the 
time N/A

10 Windy conditions? N/A
11 Places or areas with low humidity (very dry)? N/A
12 Areas that are air conditioned? N/A

    (4)     (3)     (2)    (1)     (0)

N/A: Should be marked when there is no observation
Subtotal score for answers 10 to 12: (C)

Add subtotals A, B, and C  to obtain D
(A+B+C = D)

(D = Sum of scores for all questıons answered)
Total number of questions answered = E
(Do not include questions answered N/A)

OSDI = (D X 25) / E
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Statistical analysis

All data were analyzed using statistical software 
SPSS for Windows version 18.0 software (SPSS Inc, 
Chicago, IL, USA). The mean values of the OSDI 
score and dry eye test parameters were determined. The 
relationship between categorical data was determined 
by the Chi-square test. The continuous variables in two 
groups were compared by the Mann-Whitney U test. 
The continuous variables in three and more groups 
were compared by the Kruskal-Wallis test. The corre-
lation between continuous variables was compared by 
the Spearman test. The P-value of less than 0.05 was 
considered statistically significant.

Finally, all participants underwent Schirmer I test, 
Schirmer II test, TBUT, and ocular surface stain-
ing, normal values of which are ≥10 mm, ≥5 mm, 
≥10 seconds, and no staining (absent), respectively. 
As is known, there are two types of the Schirmer test 
commonly used in clinical practice: Schirmer I (re-
flex and basal tears) and Schirmer II (basal secretion). 
The Schirmer test was firstly performed without 
topical anesthesia (Schirmer I test) and 30 minutes 
later it was re-administered to the same individual 
after topical anesthesia (0.5% proparacaine HCl, 
Alcaine; Alcon, TX, USA) in both eyes simultane-
ously (Schirmer II test). The standard Schirmer filter 
paper test strip, 35 mm long and 5 mm width, was 
gently placed in the inferior temporal conjunctival 
cul-de-sac of both eyes. The filter paper test strip was 
removed after 5 minutes and the length of the tear 
wetting was measured in millimeters. A reading of 10 
mm or greater and 5 mm or greater was considered 
the cut-off for a normal value for Schirmer I test and 
Schirmer II test, respectively. The fluorescein strip 
was moistened with saline and then gently placed in 
the inferior cul-de-sac of each eye. The TBUT was 
evaluated by observing and viewing the fluorescein-
dyed tear film under a wide cobalt blue illumination 
of the slit-lamp biomicroscopy and by measuring the 
time in seconds at which the first dry spot on the cor-
neal surface appeared after blinking (Figure 1). Ten 
seconds or greater was considered the cut-off for a 
normal value for TBUT. The Oxford grading scheme 
is used to quantify the amount of ocular epithelial 
surface damage in patients with DED. According to 
the Oxford grading scheme, ocular surface staining is 
evaluated in a range from 0 (absent) to 5 (severe)20 
(Figure 2). After the TBUT, the corneal region, nasal 
and temporal conjunctival staining in the interpalpe-
bral space were examined with a slit-lamp microscopy 
under cobalt light and graded according to the Oxford 
grading scheme (Figure 3, 4). After the ocular sur-
face fluorescein staining, lissamine green strips were 
moistened with saline and gently placed in the infe-
rior cul-de-sac of each eye for evaluating the ocular 
surface staining. Then, the corneal region, nasal and 
temporal conjunctival lissamine green staining in the 
interpalpebral space were examined with a slit-lamp 
biomicroscopy under medium intensity white light 
and graded according to the Oxford grading scheme 
(Figure 3, 4). The mean TBUT values, Schirmer I-II 
test values, and ocular surface staining scores of the 
right and left eyes were used for statistical analysis.

Figure 1. Tear break-up time showing breaks in the fluorescein-dyed tear film 
under a wide cobalt blue illumination of the slit-lamp biomicroscopy.

Figure 2. A representative grading A-E panels and indicating the numerical 
grade between 0-5 for each panel and the verbal descriptor for each grade 
(Oxford Grading Scheme).



Kafkas J Med Sci 2019; 9(3):169–179

173

Figure 3. A representative of staining of the corneal and conjunctival surface epithelium with fluorescein and lissamine green and indi-
cating the numerical grade (0, I, II) and the verbal descriptor (Absent, Minimal, and Mild) of the Oxford grading scheme.

Figure 4. A representative of staining of the corneal and conjunctival surface epithelium with fluorescein and lissamine green and indi-
cating the numerical grade (III, IV, V) and the verbal descriptor (Moderate, Marked, and Severe) of the Oxford grading scheme.
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Results
Of 62 participants, 42/62 (67.7%) were female and 
20/62 (32.3%) were male. The mean age of partici-
pants was 30.06 ± 4.794 (21–39) years. The mean 
computer use time of the participants was 10.15 ± 
3.040 (6–16) hours/day. The mean wearing glasses and 
smoking were 17/62 (27.4%) and 46/62 (74.2%), re-
spectively. Demographic data are presented in Table 2. 
The mean OSDI score was 31.0742 ± 15.05892 (8.3–
75). According to the OSDI grading scale, 5 (8.1%) 
participants had normal, 15 (24.2%) mild, 23 (37.1%) 
moderate, and 19 (30.6%) had severe ocular surface 
disease. The mean values of Schirmer I test, Schirmer 
II test, and TBUT were 25.10 ± 6.518 mm, 12.21 
± 6.268 mm and 8.71 ± 4.575 seconds in the right 
eye, respectively. The mean values of Schirmer I test, 
Schirmer II test, and TBUT were 24.98 ± 6.253 mm, 
12.29 ± 5.646 mm and 8.94 ± 4.081 seconds in the left 
eye, respectively. According to grading of corneal and 
conjunctival staining in the right eye (Oxford grad-
ing scheme) 6 (9.7%) participants had no ocular sur-
face disease (absent), 12 (19.4%) minimal, 17 (27.4%) 
mild, 14 (22.6%) moderate, 10 (16.1%) marked and 
3 (4.8%) had severe corneal and conjunctival staining 
and in the left eye 6 (9.7%) participants had no ocu-
lar surface disease (absent), 11 (17.7%) minimal, 20 
(32.3%) mild, 13 (20.9%) moderate, 7 (11.3%) marked 
and 5 (8.1%) had severe corneal and conjunctival stain-
ing. Clinical data are presented in Table 3. There was 
a significant negative correlation between OSDI score 
and TBUT in the right eye ( r= -0.718, p = 0.000) and 
the left eye (r = -0.667, p = 0.000). However, there was 
a slightly negative correlation between OSDI score 
and Schirmer I-II tests in the right eye (r = -0.273, p 
= 0.032; r = -0.295, p = 0.020) and the left eye (r = 
-0.308, p = 0.015; r = -0.296, p = 0.019), respectively. 
There was also a significant negative correlation be-
tween computer use time and TBUT in the right eye 
(r = -0.960, p = 0.000 for right) and the lefte ye (r = 
-0.831, p = 0.000). However, there was no significant 
correlation between TBUT and Schirmer I-II tests in 
the right eye (p = 0.394, p = 0.233) and the left eye 
(p = 0.579, p = 0.491), respectively. There was a sig-
nificant difference between OSDI score and ocular 
surface staining scores in both eyes (p = 0.000). There 
was a significant positive correlation between OSDI 
score and computer use time (r = 0.642, p = 0.000). 
There was also a significant positive correlation be-
tween the ocular surface staining scores and computer 
use time in both eyes (p = 0.000). However, there was 

Table 2. The demographic features of the individuals

Values

Min.-Max. Mean ± SD n (%) Present/Total (%)

Age (years) 21-39 30.06 ± 4.794

Gender

     Male 42 (67.7)

     Female 20 (32.3)

Computer use  
(hours/day)

6-16 10.15 ± 3.040

Wearing 
glasses 

17/62 (27.4)

Smoking 46/62 (74.2)

Table 3. The results of the ocular surface disease index and dry eye test 
parameters of the individuals (n = 62 Individuals, 124 Eyes)

 Values

Min.-Max.    Mean ± SD      n (%)

OSDI score   8.3–75 31.1 ± 15.1

OSDI grading scores

     Normal       5 (8.1)

     Mild     15 (24.2)

     Moderate     23 (37.1)

     Severe     19 (30.6)

     Total     62 (100)

Schirmer I (mm)

     Right eye    8–35 25.10 ± 6.518

     Left eye    9–34 24.98 ± 6.253

Schirmer II (mm)

     Right eye    1–30 12.21 ± 6.268

     Left eye    2–26 12.29 ± 5.646

TBUT (second)

     Right eye    2–25 8.71 ± 4.575

     Left eye    4–23 8.94 ± 4.081

Ocular surface staining scores

     Right eye

          Absent 6 (9.7)

          Minimal 12 (19.4)

          Mild 17 (27.4)

          Moderate 14 (22.6)

          Marked 10 (16.1)

          Severe 3 (4.8)

          Total 62 (100)

      Left eye

          Absent 6 (9.7)

          Minimal 11 (17.7)

          Mild 20 (32.3)

          Moderate 13 (20.9)

          Marked  7 (11.3)

          Severe 5 (8.1)
          Total 62 (100)
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symptom questionnaires, Schirmer I test, Schirmer II 
test, TBUT, ocular surface epithelial staining scores, 
tear function index, tear osmolarity, impression cytol-
ogy, fluorophotometry, tear fluid protein immunoas-
says, tear ferning test, and other tests (meibometry, 
meibography, or meiboscopy)22.

In this cross-sectional study, we performed tests and 
applications such as OSDI score, Schirmer I test, 
Schirmer II test, TBUT, and corneal and conjunctival 
epithelial staining pattern test. The OSDI is a question-
naire that assesses the severity of DED and its effect 
on the ocular surface and visual symptoms. The aim 
of this questionnaire is to make the diagnosis of DED 
more reliable by considering the patients’ symptoms. 
The OSDI questionnaire is a simple and inexpensive 
assessment method that can be used outside the clinic 
in daily practice without requiring any device or equip-
ment18,19. Gümüş et al23. reported that the mean OSDI 
score of individuals with an average computer use time 
of 8.3 ± 1.1 hours was 46.7 ± 14.9. In one study, the 
mean OSDI score was found to be 43.41 ± 12.6 in 
participants with a computer use time of more than 6 
hours per day17. In another study conducted by Simavli 
et al24. the mean OSDI score was 44.1 ± 24.7, the 
OSDI score of individuals using computers for eight 
hours or more per day were significantly higher than 
those using computers for less than eight hours. There 
was a significant positive correlation between OSDI 
score and daily computer use, ocular surface staining 
scores and female gender. No correlation was found be-
tween age, smoking, type of computer, wearing glasses, 
basal secretion test, and OSDI score. However, Xu et 
al25. indicated that smoking may be associated with 
the risk of dry eye in the general population. In par-
allel, in this current study, the mean OSDI score was 
found to be 31.077 ± 15.05892 in individuals who use 
computers for at least six hours a day and have an av-
erage computer use time of 10.15 ± 3.040 hours/day. 
The OSDI score of the individuals using more than six 
hours of computer a day was significantly higher than 
those using the computer for 6 hours. Similarly, an in-
crease in ocular surface staining scores and a decrease 
in TBUT were observed in office workers who were in 
front of computers for more than 6 hours. However, 
there was no statistically significant correlation be-
tween the duration of computer use and Schirmer I-II 
tests. Additionally, there was no correlation between 
age, gender, smoking and wearing glasses and OSDI 
score, Schirmer I test, Schirmer II test, TBUT, and 
ocular surface staining scores. Schirmer’s test is not a 

no correlation between age, gender, smoking and wear-
ing glasses and OSDI score, Schirmer I test, Schirmer 
II test, TBUT, and ocular surface staining scores (p > 
0.05). Moreover, there was no statistically significant 
correlation between the duration of computer use and 
the Schirmer I-II tests in the right eye (p = 0.460, p 
= 0.269) and the left eye (p = 0.322, p = 0.213), 
respectively.

Discussion

With the invent of the internet, the internet network 
has progressively spread around the world. Therefore, 
the use of computers and digital electronic devices 
for e-mail and internet access for vocational and avo-
cational activities has gradually become widespread in 
developed and developing societies. Many individu-
als use multiple devices such as desktop and laptop 
computers as well as handheld electronic devices2. 
Considering the tremendous growth rates of digital 
device use in recent years, it is an inevitable reality that 
millions of people of all ages will be affected by the 
DED4. The DED is known to increase with age, but 
there is also a significant increase of DED in younger 
people due to the longer duration of occupational sit-
ting and the higher daily computer use. It is a fact that 
DED is an important concern among office computer 
workers. Therefore, as the prevalence of DED is higher 
among office computer workers, this population is of 
great importance and should not be ignored. A num-
ber of factors and a wide spectrum of diseases includ-
ing long-term computer use, longer duration of occu-
pation, lower ergonomics practices knowledge, lack of 
visual display terminal (VDT) filter, systemic diseases, 
medications, contact lens wear, female gender, and pre-
existing ocular conditions may play a role in DED2,3,21. 
However, other causes of dry eye are not discussed in 
this paper.

The aim of this study was to detect the presence and 
prevalence of dry eye only in long-term computer us-
ers. In this study, the mean age of the participants was 
30.06 ± 4.794. It was remarkable that this value was 
well below the age group in which dry eye syndrome 
was frequently experienced. The mean computer use 
time was 10.15 ± 3,040 hours/day. This current study 
is consistent with the literature, the overwhelming 
majority of the participants had longer duration of oc-
cupation, prolonged computer use, lower ergonomics 
practices knowledge, and lack of VDT filter. There are 
several tests and applications to detect DED, including 
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in clinical ophthalmic practice and hence is not a reli-
able test.

Normal blinking is very crucial for tear film stability 
and the protection of the ocular surface29. The num-
ber of blinking is normally between 10–15/minute 
and this rate decreases considerably during computer 
use30. Long-term computer use has been associated 
with both a reduced blink rate and a high number of 
incomplete blinking as compared to relaxed individu-
als2. Portello et al29. reported that reduced blinking 
during computer use caused the tear film to evaporate, 
causing symptoms of dry eye. In another similar study, 
Büyükbaş et al17. reported a decrease in the number of 
blinking and deterioration in tear function tests with 
long-term computer use. Blehm et al21. noted that re-
duced blink rate or incomplete blinking, environmen-
tal factors, excessive corneal exposure, old aged and 
women gender, systemic diseases and medications, 
contact lens wear and ocular conditions lead to corneal 
drying. Unfortunately, the measurement of the blink 
rate was not evaluated in this present study.

It was demonstrated that computer users constantly re-
port dry eye, burning, and grittiness after a long-term 
duration of work21. Dry eye may play an important 
role in the etiology of CVS2. The CVS is a group of 
eye and vision problems related to excessive computer 
use. With excessive use of computers, CVS has become 
very common in the world, and around 60 million 
people worldwide suffer from CVS and one million 
new people are added each year1–3. It is not only result-
ing in visual discomfort but also resulting in low qual-
ity of life and low productivity in the workplace1–3,15,16. 
In addition to the negative impacts of the CVS on vi-
sual comfort, quality of life, and work productivity, it 
is clear that its economic impact is extremely high and 
that minimizing symptoms that reduce productivity at 
work will provide significant financial benefits1–3. The 
DED also affects the quality of life of individuals, in-
cluding social, physical, psychological and workplace 
productivity7,12. Patel et al12. found that DED negative-
ly impacts on daily activities, workplace performance, 
and work productivity.

Dry eye symptoms may be exacerbated due to low en-
vironmental humidity and forced-air conditioning2. In 
this study, the majority of computer users were work-
ing in closed, low environmental humidity and poorly 
ventilated environments. However, there was no statis-
tically significant correlation between OSDI score, dry 
eye test parameters, and smoking. As a result, despite 

good and reliable test for the diagnosis of the DED, 
because reflex epiphora can cause normal evaluation of 
dry eye patients26. Gümüş et al23. conducted a study on 
computer workers in the office, the TBUT was shorter 
in the evening hours and higher ocular surface staining 
scores were found. However, there was no significant 
change in Schirmer’s test. Singh and Singh27 also re-
ported that Schirmer I test results changed with reflex 
epiphora, there was no correlation with symptoms in 
DED, so Schirmer I test is not a reliable test for the 
evaluation of the DED. In another study of 68 patients, 
a significant negative correlation was found between 
the OSDI score and TBUT, yet no significant corre-
lation was found with the Schirmer’s test28. Similarly, 
in another study with 35 patients, the correlation be-
tween OSDI score, TBUT and Schirmer’s test was 
investigated and similar results were found26. In this 
cross-sectional study, there was a significant positive 
correlation between OSDI score and daily computer 
use, ocular surface staining scores. Additionally, there 
was a negative correlation between OSDI score and 
TBUT, but there was a slightly negative correlation be-
tween OSDI and Schirmer I-II tests. However, there 
was no significant correlation between the TBUT and 
Schirmer I-II tests. The mean Schirmer I test was 25.10 
± 6.518 mm in the right eye and 24.98 ± 6.253 mm in 
the left eye. Schirmer I test was below 10 mm only in 
two individuals (3.22%). In accordance with the litera-
ture, the mean values of the Schirmer I test were also 
very high in this study. The mean Schirmer II test was 
12.21 ± 6.268 mm in the right eye and 12.29 ± 5.646 
mm in the left eye. Schirmer II test was below 5 mm 
only in four individuals (6.45%). However, the mean 
TBUT was 8.71 ± 4.575 seconds in the right eye and 
8.94 ± 4.081 seconds in the left eye. The TBUT was 
below 10 seconds in forty-four individuals (70.96%). 
Moreover, the ocular surface staining scores were 
only normal (absent or no staining) in six individuals 
(9.67%). The OSDI score showed similar characteris-
tics as in the TBUT and ocular surface staining scores. 
According to the OSDI score, only five individuals 
were normal (8.1%). Therefore, the validity, reliabil-
ity, accuracy, sensitivity, and specificity of the mea-
surements of the Schirmer I test and Schirmer II test 
should be questioned. As a result, these findings sug-
gest that the combined use of OSDI score, TBUT, and 
ocular surface staining scores in daily clinical ophthal-
mic practices greatly supports the diagnosis of DED. In 
light of this study, the Schirmer’s test is not consistent 
with the OSDI score and other dry eye test parameters 
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of DED and other ophthalmic diseases through un-
manned automated applications system in ophthalmic 
healthcare services will become a necessity31.

Conclusion
In modern society, the use of electronic devices has 
become widespread in individuals of all ages for both 
business and leisure activities. Nowadays, computers 
are one of the most common office tools used in all in-
stitutions and organizations for a wide range of profes-
sional or non-professional purposes. Long-term com-
puter use and longer duration of occupation not only 
cause serious ocular surface complications but also re-
duce workplace performance, work productivity and as 
well as reduce the quality of life of the office workers. 

In conclusion, in this current study conducted in oph-
thalmology clinic of our university, the DED is experi-
enced more frequently in office workers in accordance 
with the literature. The DED, very common in our 
country as well as in the world, reduces the quality of 
life, workplace performance, work productivity and 
therefore has a significant impact on the economy. As 
a result, these research findings tend to point out that 
long-term computer use, longer duration of occupa-
tion, and lower ergonomics practices knowledge are 
associated with the severity of the DED. The DED is 
a treatable eye condition and it is an eye condition that 
should not be neglected, causing serious ocular surface 
complications if left untreated. Therefore, if adequate 
medical and institutional measures are not taken in the 
future, it is likely that the DED and therefore the CVS 
will continue to make an increasing negative contri-
bution to ocular health, quality of life and economic 
losses. It is concluded that further recommendations 
and information are needed to reduce the risk of devel-
oping DED among young computer users.

Of note, in light of this study, these findings suggest 
that using the OSDI score, TBUT, and ocular surface 
staining scores together is an important step in identi-
fying a large number of DED. However, associations 
between OSDI score, TBUT, ocular surface staining 
scores, dry eye symptoms, and Schirmer’s test were low 
and inconsistent. It also shows that the combined use 
of OSDI score, TBUT, and ocular surface staining 
scores is practical, reliable and useful for the diagnosis 
of the DED. However, in the intensive clinical oph-
thalmic healthcare services, the manual examination 
of dry eye tests is time-consuming, costly, prone to hu-
man errors and bias, due to current population growth 

the fact that the Schirmer’s test is cheap, quick, and 
universally available, it is not a preferable test in clinical 
ophthalmic practice, because of the lack of consistency 
in its use in detecting DED. As is known, in addition 
to OSDI score and TBUT in the detection of DED, 
corneal and conjunctival staining is a useful method to 
evaluate the integrity of ocular surfaces. The combina-
tion of OSDI score, TBUT, and ocular surface stain-
ing scores seems to be sufficient in identifying a large 
number of patients with DED. Although evaluation of 
objective corneal and conjunctival staining is impor-
tant for recording pathology, monitoring therapeutic 
response, and comparing research intervention, it has 
not been developed for practical use in ophthalmic set-
tings. It is a fact that manual examination of dry eye 
tests is time-consuming, costly, prone to human errors 
and bias, due to current population growth trends and 
the lack of resources and limited availability of oph-
thalmologists. In near future, I anticipate that these 
problems will be overcome with artificial intelligence 
without the need for human resources and without the 
possibility of human errors and that the tests will be 
performed faster, more practical, and more reliable in 
ophthalmic settings.

The Future of Artificial Intelligence in Dry Eye Disease
Artificial intelligence has been used to confirm the 
diagnosis and treatment of diseases in ophthalmic set-
tings, to read images, to perform corneal topographic 
mapping and to calculate intraocular lens. In recent, 
comprehensive clinical researches are being conducted 
on automated applications for the diagnosis and treat-
ment of diabetic retinopathy, diabetic macular edema, 
age-related macular degeneration, glaucoma, and other 
ophthalmic diseases. Of note, it is inevitable that the 
clinical applications of artificial intelligence become 
a routine diagnostic and treatment modality in both 
ophthalmic healthcare services and other healthcare 
disciplines. The present study demonstrated that the 
evaluation of the OSDI questionnaire and TBUT and 
ocular surface staining scores together, they are suffi-
cient and reliable application for the diagnosis of DED. 
However, considering the current population growth 
trends and the lack of resources, and the limited avail-
ability of ophthalmologists, manual examination is 
time-consuming, costly, prone to human errors, and 
bias. Therefore, considering the lack of resources and 
patient density; easier, more practical, more reliable, 
and faster tests are needed in ophthalmic healthcare 
services. Therefore, in the near future, the detection 
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 15. Thomson WD. Eye problems and visual display terminals—
the facts and the fallacies. Ophthalmic Physiol Opt 
1998;18(2):111–9.

 16. Hayes JR, Sheedy JE, Stelmack JA, Heaney CA. Computer use, 
symptoms, and quality of life. Optom Vis Sci 2007;84(8):738–
44.

 17. Büyükbaş Z, Gündüz MK, Bozkurt B, Zengin N. Bilgisayar 
kullanıcılarında görülen oküler yüzey değişikliklerinin 
değerlendirilmesi. Turk J Ophthalmol 2012;42;190–6.

 18. Schiffman RM, Christianson MD, Jacobsen G, Hirsch JD, Reis 
BL. Reliability and validity of the ocular surface disease index. 
Arch Ophthalmol 2000;118(5):615–21.

 19. Miller KL, Walt JG, Mink DR, Satram-Hoang S, Wilson 
SE, Perry HD et al. Minimal clinically important difference 
for the ocular surface disease index. Arch Ophthalmol 
2010;128(1):94–101.

 20. Bron AJ, Evans AND, Smith JA. Grading of corneal and 
conjunctival staining in the context of other dry eye tests. 
Cornea 2003;22:640–50.

 21. Blehm C, Vishnu S, Khattak A, Mitra S, Yee RW. Computer 
vision syndrome: a review. Surv Ophthalmol 2005;50(3):253–
62.

 22. Phadatare SP, Momin M, Nighojkar P, Askarkar S, Singh KK. 
A comprehensive review on dry eye disease: diagnosis, medical 
management, recent developments and future challenges. Adv. 
Pharm 2015;2015:12.
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kullanımının kuru göz parametreleri üzerine olan etkisinin 
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trends and the lack of resources and limited availability 
of ophthalmologists. Therefore, it is obvious that it will 
provide incredible convenience in the future to detect 
the DED through unmanned automated applications 
in ophthalmic healthcare services. Of note, this study 
demonstrates that long-term computer use and longer 
duration of occupation result in significant alteration 
of ocular surface parameters producing ocular surface 
morbidity. However, further longitudinal prospective 
studies are needed to establish causality for identified 
risk factors for DED.
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