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Purpose: To assess the time of exposure to the computer and dry eye disease (DED) in
subjects with computer vision syndrome (CVS).

Methods: A cross-sectional study was conducted in office workers, computer users of both
sexes, with an age range of 18-45 years without comorbidities; we included 108 subjects
divided into 3 groups according to the time of computer exposure in hours per day (H/D): <4
(n=23),4-7.9 (n =49), >8 (n = 39). A specific questionnaire was applied to them on the
exposure time and the type of visual display terminal (VDT) used, as well as the computer
vision symptoms scale (CVSS17). DED was diagnosed with the Ocular Surface Disease
Index (OSDI). Ocular surface damage and signs of DED were evaluated with the tear rupture
time test (TBUT), the integrity of the ocular surface by ocular surface staining (OSS) and the
production of the aqueous basal tear film using the Schirmer test.

Results: Average computer exposure time, measured differently, was positively correlated with
DED development. The computer exposure time measured in hours per year and TBUT showed a
significant negative correlation (p <0.001) (rho —0.463). Years of computer exposure and staining of
the ocular surface showed a significant positive correlation (p <0 0.001; tho 0.404). The accumu-
lated exposure time was negatively correlated with TBUT (p <0.001; rho —0.376) and positively
with OSS (p <0.001; rho 0.433). Schirmer test did not correlate with computer exposure time.
Conclusion: The prolonged time of exposure to the computer in subjects with CVS was
significantly correlated with the DED tests, in the different ways of measuring it; but not with
the Schirmer test.

Keywords: computer vision syndrome, dry eye disease.

Introduction
Computer vision syndrome (CVS) is defined as “The combination of eye problems and

! This term is used to describe the

vision, associated with prolonged use of computers.
collection of visual, ocular and musculoskeletal symptoms that result from prolonged
computer or visual display terminal (VDT) use. It may develop when a computer is used
>3 hours per day or >30 hours per week.'? It is characterized by constant symptoms
ocular, visual and musculoskeletal as asthenopia, ocular surface alterations, visual and
extra-ocular alterations.' ™ It can be diagnosed in a standardized and reliable way with the
computer-vision symptom scale questionnaire (CVSS17).> This questionnaire include
encompasses 15 visual and ocular symptoms as well as ocular surface alterations include
dry, red, wet or irritated eye related with the development of the dry eye.’ Dry eye disease
diagnosis, classification and severity assessment require multiple evaluations; Schirmer
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test, tear break-up time (TBUT), ocular surface staining (OSS)
with sodium fluorescein,® and the ocular surface disease index
(OSDI) questionnaire are among the more frequently used.’
Multiple OSS grading scales are available, Oxford, NEI and
Sicca OSS are among the more often used nowadays.* ' A
prevalence of CVS has been reported around 70% among
office workers, but varies around the world depending on the
type of work performed.'""'* The main alteration observed in
CVS is the development of the DED with a prevalence of
60%."*"'> CVS and DED reduce the quality of life and job
performance.'® There is a common risk factor for the devel-
opment of CVS and DED, this being prolonged computer
exposure time. However, the prevalence and severity of
DED in computer workers and its relationship with the mag-
nitude of computer exposure time needs further studies to
better understand its association. On this paper on CVS sub-
jects, we report the prevalence, severity and association of
DED with the computer exposure time.

Methods
Setting

We carried out a cross-sectional study in office workers who
use any type of VDT, belonging to the Autonomous
with  the
Ophthalmology department of the “José Eleuterio Gonzalez”

University of Puebla, in collaboration
University Hospital, of the Autonomous University of Nuevo
Leon and the Eastern Biomedical Research Center of the

Mexican Institute of Social Security (IMSS).

Patients

This study was approved by the local committee for
research and ethics in health research 2102, Mexican
Institute of Social Security in Puebla, Mexico; registration
number R-2015-2102-89. All patients signed an informed
consent for inclusion in this study. The selected patients
were office workers of both sexes, with an age range of
18-45 years, without comorbidities. Exclusion criteria
were previous diagnosis of dry eye, use of artificial tears,
any eye medication, diagnosis of pterygium, conjunctivi-
tis, keratitis, blepharitis, facial nerve disorders, previous
eye surgery, contact lens wearers, systemic chronic dis-
eases, medication chronic systemic, pregnancy, menopau-
sal or hormonal replacement therapy.

Evaluations
To assess computer exposure time, we applied a question-
naire to find out the amount of computer exposure time

measured in hours per day (H/D), days per week (D/W),
days per year (D/Y), also as total years of exposure to the
computer with that rate of use (Y/CE). Using that informa-
tion, we calculated computer exposure time expressed in
hours per week (H/W), hours per year (H/Y), and hours
accumulated in total years of computer exposure (CH/TY).
In addition, we investigated the type of VDT used that
included; desktop computer, laptop or iPad. With these
data, we formed three groups based on the time of expo-
sure to the computer, measured in hours per day (H/D) to
know the results of the questionnaires and the DED tests
between the groups. The CVS level of symptoms was
obtained with the CVSS17,” in which a value is assigned
to each rated item and the sum of the item values is
obtained to obtain a raw rating. This score is compared
in an equivalence table to obtain the level of symptoms,
which goes in ascending order from level 1 to 6; that is,
the higher the level, the more symptoms of CVS.
Symptomatic DED was diagnosed with the OSDI ques-
tionnaire, an OSDI value >13 was considered a diagnosis
of DED.” Ocular surface damage and signs of DED were
assessed using three criteria. 1) Tear film stability using
fluorescein or Tear Break up Time (TBUT). Fluorescein is
instilled into the bottom of the lower sac and the tear film
is examined with a blue filter; the appearance of the first
dry spots on the cornea is observed since the last blink, the
average is taken in seconds of three consecutive measure-
ments and a diagnostic value of <10 is considered.® 2) the
integrity of the corneal and conjunctival epithelium is
observed with OSS stained with fluorescein and lissamine
green using the Oxford, NEI or Sicca scales. OSS was
judged as positive by obtaining a value greater than 1.57'°
3) Production of aqueous basal tear film using the
Schirmer I test with anesthesia using topical tetracaine, a
value of <5 mm was considered dry eye.®

Statistical Analysis

The sample calculation was performed considering our
population as finite; since office workers that use computer
from the Autonomous University of Puebla were invited to
participate; considering a 95% confidence level, a preva-
lence of DED in computer users of 60% and an accuracy
for our study of 5%; we obtained a sample calculation of
168 subjects. Data were captured in Microsoft Excel®™
2013 for Windows XP. Statistics were performed in the
Statistical Package for the social sciences (SPSS) version
23. Univariate statistical analysis was performed to
describe qualitative variables these were reported in
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Table 1 Computer Exposure Time Resume

(Median * DE)
(Min - Max.)

H/D: Hours per day
D/W: Days per week

Y/E: Years of exposure

596 + 2.5 (2 —15)
529 +0.79 (3-7)

7.6 + 474 (1-28)

31.69 + 14.1 (9-75)
1647 + 754 (468-3900)
13.557 + 21.483
(312-189,696)

H/W: Hours per week
H/Y: Hours per year
CH/TY: Total cumulative hours

in total years of work

Abbreviations: H/D, hours per day; D/W, days per week; Y/E, years of exposure;
H/W, hours per week; H/Y, hours per year; CH/TY, total cumulative hours in total
years of work.

absolute frequencies. We used estimation, proportions and
confidence intervals 95% (jc9s0,) to describe said quanti-
tative variables. Measures of central tendency and disper-
sion was used for statistical inference, Spearman
correlation for variables with non-normal distribution.
The numeric variables; TBUT, Schirmer and ocular sur-
face evaluation scales preserved their numeric gradient
and the time variable, was considered initially numeric,
and later was converted into an ordinal scale to groups
formation (three exposure groups); reason for which the
Spearman correlation for not normal distribution variables
was used. We used chi-square to compare the frequency of
symptomatic DED between the computer exposure groups
and we used Kruskal Wallis’ ANOVA to assess the differ-

ence between DED screening tests in these groups.

401

Results

The study sample consisted of 310 subjects who were
invited to participate in the study; of which 196 were
excluded because they were carriers of some systemic or
ocular disease and the remaining 119 subjects who met the
inclusion criteria completed the CVSS17 and OSDI scales;
of these, 11 subjects were eliminated for presenting infec-
tions or incomplete questionnaires; so the final sample was
108 subjects.

The ratio male: female was 59 (54.6%): 49 (45.4%).
The average age + standard deviation (DE) (min-max.)
was 32.1 + 7.8 (18-45) years. The most used type of
computer was laptop (50.9%), desktop (38%) or both
(11.1%). In addition, 38% of subjects additionally wore
iPad, and only 38.9 wore lenses compared to 61.1% who
did not. The mean + SD (min-max.) Of the computer
exposure time measured in H/D was 5.96 + 2.5 (2-15)
and the computer exposure time measured in different
ways is summarized in Table 1. The Figure 1 shows that
all the subjects had some level of symptoms for CVS; but
the highest percentage (32.4%) was grouped at level 4.
The proportion of subjects with DED symptoms detected
by OSDI is shown in Figure 2. The largest number of
subjects with DED was observed in the group of moderate
computer exposure time as shown in Figure 3. Out of the
108 subjects examined, 104 (97.4%) presented dry eye in
at least one of the evaluations applied, the summary of the
altered tests can be seen in Table 2. Damage to the ocular

Number of subjects

[25)

53]

T
4 6

CVS Symptom Level

Figure | Magnitude and symptoms of computer visual syndrome.
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Figure 2 Proportion of subjects con DED detected by OSDI.
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Figure 3 DED symptoms (OSDI) by computer exposure time group, measured in hours per day (H/D).

surface and DED screening tests between asymptomatic
and symptomatic are shown in Table 3.

The detailed results of the correlation analysis between
the computer exposure time measured in different ways
and the DED screening tests can be found in Table 4.
Where it is shown that the ocular surface evaluated by
Oxford, Nei and Sicca showed a positive correlation with
H/D, D/W, H/W, H/Y and the Schirmer test with none of
these. Likewise, we found an important relationship
between the time of exposure to the computer measured
in hours per year and the TBUT (Rho —0.463) (p <0.000),
this relationship is shown in Figure 4. We compared the
frequency of symptomatic DED between the computer

exposure groups, finding that with an error probability of
1.6% the symptoms of DED are different among the com-
puter exposure groups, these differences are observed in
Table 5. The DED screening tests showed differences
among the computer exposure groups measured in hours
per day, for all tests except for the Schirmer test. The
groups showing the greatest difference were between
mild and severe, for all tests, but the most relevant was
TBUT, this can see in Table 6.

Discussion
In our study, we found that in the subjects the average time
of exposure to the computer was 5.96 hours per day; value
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Table 2 Percentage of Tests Altered (n = 108)

| OsDI 79.7%
2 TBUT 97.2%
3 Ocular surface damage 44.4%
4 Schirmer | 26.9%

Note: The data is expressed in absolute frequencies.

Table 3 Damage to the Ocular Surface and DED Screening Tests
Between Asymptomatic and Symptomatic

Asymptomatic | Symptomatic | P
n=22 n=86
TBUT 6.8+ 2.1 569 % 1.9 0.026
Oxford 127 £ 15 191 £2.7 0.881
Nei- Cleck 141 £ 1.6 148 £ 1.9 0.863
SICCA OSsS .18+ 1.2 119+ 1.5 0.829
Schirmer | 17.7 £ 9.7 1297 £ 7.6 0.032

Notes: Schirmer |: aqueous tear measurement. Oxford staining scale to assess the
cornea. Nei-Clerk staining scale to evaluate the temporal and nasal conjunctivae. SICCA
staining scale to assess the superior and inferior conjunctivae. Significance level is <0.05
Mann-WhitneyU-Test. P values in bold indicate statistically significant.

Abbreviation: TBUT, break up time of the tear.

similar to that published by the Mexican Internet
Association (AMIPCI), who reported that Mexican
Internet users have a connection time of 5.36 hours per
day.'” This time was enough for 100% of users to show
some degree of CVS symptoms and 97.4% will show DED
in at least one of the tests evaluated; this suggests that
CVS is not diagnosed with certainty but that the subjects
manifest symptoms,'® which have been evaluated since
1995, by Gunnar who concluded through a survey that
the longer the exposure time an individual had, the more
severe the symptoms.'” Regarding assessments to

diagnose DED, we observed a significant correlation
between computer exposure time measured in different
ways and tests to diagnose DED; cumulative computer
exposure time measured in CM/TYC correlated with
TBUT, but not with the Shimmer test, similar to what
Nakamura mentions in a study of computer users with
ages and conditions similar to ours."* As for the accumu-
lated exposure time; We analyzed studies in which it was
concluded, like us, that a longer exposure time results in
greater visual symptoms.”’ We were able to measure and
evaluate TBUT and damage to the ocular surface and we
disagreed with Diaz et al, who mention that electronic
devices do not produce organic damage, but rather influ-
ence the appearance of fatigue or asthenic symptoms if
used in an appropriate manner inadequate;>' for which we
emphasize that the mechanism by which the images are
observed in the VDT, unintentionally reduces blinking,

22.23 ({ecreases

producing changes in lacrimal dynamics,
the expression of the meibomian gland and prevents an
adequate distribution of the lipoid layer, contributing thus
to the development of DED, damage to the ocular surface

and eyelid disorders.”>**

Conclusions

The findings found in this study indicate that in our popula-
tion, the computer exposure measured hours per day was
5.96 + 2.5, slightly higher than those reported by AMIPCI
and the average hours per week was 31.69 = 14.1, minimum
time required for the development of the CVS reported in the
literature; likewise, 79.6% of the subjects that made up the
sample had symptoms of DED, the stability of the lipid tear

Table 4 Correlation Analysis Between DED Screening Tests and Computer Exposure Time Measured in Different Ways

Test CHITY H/D D/IW H/W HIY
Tear break up time TBUT Rho —0.376 —0.467 —0.134 —0.463 —0.463
P <0.000 <0.000 0.167 <0.000 <0.000
Ocular surface damage Oxford Rho 0.433 0.371 0.265 0.404 0.404
P <0.000 <0.000 <0.006 <0.000 <0 0.000
Nei-Cleck Rho 0.458 0.359 0.284 0.398 0.398
p <0.000 <0.000 <0.003 <0.000 <0.000
SICCA OSS Rho 0415 0.344 0.268 0.376 0.376
P <0.000 <0.000 <0.005 <0.000 <0.000
Aqueous tear production Schirmer | Rho —0.111 —0.110 —0.057 —0.123 —0.123
P 0.254 0.258 0.560 0.205 0.205

Note: p < 0.05, Spearman’s rank correlation test.

Abbreviations: H/D, hours per day; D/WV, days per week; H/W, hours per week;H/Y, hours per year; CH/TY, total cumulative hours in total years of work.
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Figure 4 Correlation between exposure time and TBUT.

film was altered in 97.2% of the evaluated subjects; 44.4% of
the subjects presented damage to the ocular surface and the
aqueous lacrimal secretion was decreased only in 26.9% of
the study population.

Weaknesses

The limits of this study are the lack of a control group with
which to compare the results obtained in this investigation,
in addition to having had limited resources to carry out
more precise tests for the detection of DED.

Table 5 Number of Subjects with Symptomatic DED per Group

DED by OSDI Degree of Computer Exposure Total
Mild Moderate Severe
Asymptomatic 8 12 2 22
Symptomatic 15 37 34 86
Total 23 49 36 108

Notes: Mild <3 H/D, Moderate betwen 37 H/D, Severe > 8H/D. X* =8329 (p< 0.016).
Abbreviations: H/D, hours per day; DED, dry eye disease; OSDI, Ocular Surface
Disease Index.

Table 6 Comparison the DED Screening Tests Between the
Computer Exposure Groups Measured in Hours per Day

DED TBUT | Schirmer Oxford | Nei- Sicca-
Screening Test | Cleck oss
Kruskal-Wallis 19.800 1.096 11.603 10.829 9.539
Gl 2 2 2 2 2
P-value 0.000 0.578 0.003 0.004 0.008

Notes: Kruskal-Wallis test. The level of significance is 0.5%. P values in bold
indicate statistically significant.

New Knowledge

The present investigation focused on showing that very simple
things such as the time that a subject is exposed to the com-
puter and VDT are not innocuous, but that if they are presented
repeatedly they can be associated with the development of
DED in these subjects; reason why this investigation can
contribute to create conscience in the users that the exhibition
must be conscious and avoid the abuse to any type of VDT.
Another favorable point is that as it is a relatively new line of
research in Latin America, it implies a great amount of knowl-
edge to be discovered with future studies and thus continue
with precise recommendations on how to avoid CVS and DED
caused by exposure to computers and VDT.

Recommendations

The present study showed results that can help prevent
CVS and its complications. For now, the most important
recommendations for everyday computer users are:
decrease computer exposure and VDT below the average
values found in this study: 5.96 = 2.5 H/D or 31.69 + 14.1
H/W; make computer exposure more efficient by avoiding
unnecessary tasks, make flickering conscious when look-
ing at any VDT, avoid taking long readings on small VDT,
good limit on working area, suitable distance and position
of recommended computer, wear goggles with anti-glare
protection, rest by looking away to relax the accommoda-

tion system and avoid only near-vision tasks.*?°
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