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g;:elel?‘fza Background: Smartphone users can be found in almost every class society in

Bl l.g i il Indonesia. Excessive use of smartphones and the blue light emitted by smartphones
ue light filter play an important role in causing asthenopia symptoms. Smartphone development

Smartphone companies have developed a blue light filter feature, which is expected to reduce the
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incidence of Asthenopia symptoms.

Obijective: To evaluate the Asthenopia questionnaire’s comparison results before
and after smartphone use with various levels of opacity in the blue light filter.
Methods: This study used a quasi-experimental pre-posttest study. The research
subjects were students of the Faculty of Medicine, Diponegoro University (n = 30),
selected by purposive sampling. In this study, research subjects saw an hour-long
smartphone with a predetermined opacity level for the blue light filter, with the same
room lighting. Before and after the treatment, the subjects were asked to fill out the
Asthenopia questionnaire. Data were analyzed using the Wilcoxon test, Mann
Whitney U test, and Kruskal Wallis test.

Results: The results of the Asthenopia questionnaire before and after using a
smartphone with a blue light filter opacity level of 0% and 100% showed a significant
difference in results (p <0.05), and there was no significant difference for the pre-
posttest using a smartphone with a blue light filter with 50% opacity level. The
comparison results of the Asthenopia questionnaire between smartphone use with the
opacity level of the blue light filter 0% and 50% only showed a significant difference
in sore/aching eye symptoms. The comparison results of the Asthenopia
questionnaire between smartphone use with the opacity level of the blue light filter
50% and 100% only showed a significant difference in sleepy eye symptoms. The
comparison results of the Asthenopia questionnaire between smartphone use with the
opacity level of the blue light filter 0%, 50%, and 100%, did not show a significant
difference.

Conclusion: There were no significant differences between the Asthenopia
questionnaire results with 0%, 50%, and 100% opacity blue light filters after one hour
of smartphone use.
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opening social media.®*?> The usage time of

1. Introduction

The statistical survey states that smartphone
users in Indonesia have increased from 11.7 million
in 2011 to 62.69 million in 2017 and are predicted to
increase until it reaches 89.86 million in 2022. As a
result of the increasing number of smartphone
features, the length of time smartphones used has
also increased. Where in previous studies, it was
stated that the length of time using a smartphone for
more than 1 hour could reach 35.6% of the total
sample population studied with various uses such as
studying, watching movies, playing games, and
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smartphones, which nowadays tend to be long, has a
considerable effect on the body. In previous studies,
it was stated that in addition to having an effect on
neck and shoulder pain, intensive smartphone use
would also cause visual disturbances symptoms.
These symptoms are related to screen size, small
writing, the use of smartphones in dark places, and
the tendency to focus when looking at the
smartphone screen, which affects the visual organ's
workload.*3

Eye fatigue symptoms are closely related to the
blue light emitted by the light-emitting diode (LED)
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(LED) on the smartphone screen. Even though it
looks like white light, the light emitted by a light-
emitting diode (LED) has a 400 - 490 nm wavelength,
which falls into the blue light category. Eye fatigue
symptoms that are influenced by the use of digital
devices or commonly referred to as digital eye strain
(DES) have a reasonably high prevalence due to the
increasing number of smartphone users in the world.
In previous studies, it was stated that the amount
could reach 65% of every 10.000 populations in the
United States.»48

In previous studies, many found an association
between the duration of smartphone use for 1 hour
and the incidence of asthenopia. Some studies stated
that asthenopia symptoms improve significantly a
few minutes close to 1 hour after using smartphones
or tablets. Previous research has also examined
various efforts to reduce the effects of blue light on
prolonged smartphone use on eye health, from
wearing glasses equipped with blue-blocking (BB)
filters or neutral-density (ND) filters to using
intraocular lenses (IOL) coated with a blue light
filter. Apart from using additional tools to reduce the
effects of blue light emission, today's smartphones
are mostly equipped with features that will eliminate
some of the blue light resulting in a yellowish
smartphone screen. This study was conducted to
prove how the use of the blue-light filter feature on
smartphones affects the incidence of asthenopia.>®!?

2. Methods

This research used a quasi-experimental pre-
posttest study design. The research was conducted
over three weeks during September 2020.

The research subjects were students of the
Faculty of Medicine University Diponegoro, with a
total sample of 30 selected by purposive sampling,
which met the exclusion and inclusion criteria. The
inclusion criteria for research subjects are 19-22
years old, students of the Faculty of Medicine
Diponegoro University, willing to be a research
subject, and have smartphones with AMOLED
screens and IPS LCD. In contrast, this study's
exclusion criteria were suffering from certain eye
diseases such as diabetes mellitus, hypertension,
Sjogren’s syndrome, wearing contact lenses, wearing
glasses, using drugs such as antidepressants,
antibiotics, antihistamines, stimulants,
antihypertensives, hormone therapy, and steroids.

In this study, the research subjects were treated
using a smartphone with the opacity level of the blue
light filter that had been determined in each group.
Subjects looked at the smartphone for one hour with
a 30 cm distance from the eye to the smartphone.

Before and after treatment using a smartphone, the
quality of the subject's asthenopia symptoms was
measured using a questionnaire on the severity of
asthenopia symptoms experienced by the research
subject.

The independent variable in this study is the
opacity level of the smartphone's blue light filter,
while the dependent variable in this study is the result
of the asthenopia questionnaire. Hypothesis testing to
compare pre and post-test after smartphone use has
been carried out by the Wilcoxon test. Meanwhile,
the Mann-Whitney U test was used to test the
hypothesis to compare the two independent variables
and to test the hypothesis comparing the three
independent variables at the same time by the Kruskal
Wallis test.

3. Results

The research data will be processed statistically
to determine whether there is a significant difference
in the pre-post asthenopia symptoms for each blue
light filter opacity level, and the comparison results
of the post-test asthenopia symptoms comparison in
each opacity level. The results of statistical data
analysis can be seen in the following table.

Table 1. Comparison of asthenopia questionnaire
results between pre and post-test in various blue light
filter opacity levels

Asthenopia Pre-Posttest Group
Symptoms  Blue light  Blue light Blue light
p-value filter 0%  filter 50% filter 100%
Tired eye 0,026%* 0,024%= 0,054%
Sorefaching o og7ws  0,102% 0,041+
eye
Irritated eye ~ 0,042%* 0,109% 0,414%
Watery eye 0,037%* 0,774% 0,084%
Dry eye 0,027%* 0,026%* 0,058%
Sleepy eye 0,257% 0,863% 0,010%*
Hotburning ¢ gjgws  o5g1%  0,102%
eye
Blurred 0,102%  0,655% 0,915%
vision
Difficulty w w w
in focusing 0,414 0,705 0,783
Visual W - W
discomfort 0,034 0,168 0,041
Total Score 0,005%* 0,066% 0,028%*

Information: ¥ Wilcoxon test, * Significant (p < 0,05)

At the 0% opacity level of the blue light filter, the
Wilcoxon test was carried out, and there was a
significant difference (p <0.5) from the symptoms of
eye fatigue, pain, irritation, wateriness, dryness,
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heat/burning, eye discomfort, and the total score
between pre and post-test Asthenopia Symptoms
Questionnaire. However, there were no significant
differences in the eye symptoms of drowsiness,
blurry, and difficulty in focusing (p> 0.5) (Table 1).

There was a significant difference in the
Wilcoxon test for the blue light filter's 50% opacity
level (p <0.5) between the pre and post-test
Asthenopia symptoms questionnaire. However, eye
pain, irritation, wateriness, drowsiness,
burning/burning,  blurred, difficulty focusing,
discomfort, and the total score did not show any
significant differences (p> 0.5) (Table 1).

In the Wilcoxon test for the blue light filter's
opacity level 100%, there was a significant difference
(p <0.5) between the pre and post-test Asthenopia
symptom questionnaire. However, there were no
significant differences in the eye symptoms of
tiredness, irritation, wateriness, dryness,
burning/burning, blurred, difficulty focusing (p> 0.5)
(Table 1).

Table 2. Comparison between asthenopia
guestionnaire post test results and two blue light filter
opacity levels

Post-test Group

AnenoPid ~Biue fight  Biue light _ Biue light
e filter0% filter 0% filter 50%
P and 50%  and 100%  and 100%
Tired eye 0,392 0,259+ 0,726+
S;’ere/ aching 4 040 0,204t 0,441%
Irritated eye 0,155 0,298+ 0,801
Watery eye 0,061 0,089+ 0,579
Dry eye 0,907+ 0,726+ 0,816*
Sleepy eye 0,350* 0,203% 0,026+
g'y%t/ burning 5 69t 0,079} 0,505
Blurred 1 ¥ 1
Vision 0,184 0,524% 0,467
Difficulty in 1 + t
focusing 0,330 0,969* 0,327
Visual 1 1 i
discomfort 0,278 0,818 0,354
Total Score 0,185 0,426* 0,519

Information: ¥ Mann whitney test, * Significant (p < 0,05)

From the comparison between the post-test
opacity level of 0% blue light filter and 50% using
the Mann Whitney test, it was found that there was a
significant difference (p <0.05) in the symptoms of
eye pain. However, there was no significant
difference in other eye symptoms such as tired,
irritated, watery, dry, drowsy, hot/burning, blurred,

difficult to focus, uncomfortable, and the total score
(p> 0.05) (Table 2).

From the comparison between the post-test
opacity level of 0% blue light filter and 100% using
the Mann Whitney test, there was no significant
difference (p>0.05) in eye symptoms of fatigue, pain,
irritation, wateriness, dryness, drowsiness,
heat/burning, blurred, hard to focus, uncomfortable,
and the total score (Table 2).

From the comparison between the post-test the
opacity level of the blue light filter 50% and 100%
using the Mann Whitney test, there was a significant
difference (p <0.05) in drowsiness symptoms.
However, there were no significant differences in
other eye symptoms such as fatigue, pain, irritation,
wateriness, dryness, hot / burning, blurred, difficulty
focusing, discomfort, and the total score (p> 0.05)
(Table 2).

Table 3. Comparison of asthenopia questionnaire post
test results between blue light filter 0%, 50%, and
100% opacity level

Asthenopia Symptoms Post-test Group

p-value Blue light filter 0%, 50%,
and 100%
Tired eye 0,488%
Sore/aching eye 0,111%¥
Irritated eye 0,337%
Watery eye 0,106K
Dry eye 0,943%
Sleepy eye 0,080
Hot/burning eye 0,194%
Blurred vision 0,407%
Difficulty in focusing 0,532%
Visual discomfort 0,498%
Total Score 0,387%

Information: ¥ Kruskal Wallis, * Significant (p < 0,05)
In the Kruskal Wallis test to compare the results

of the Asthenopia post-test questionnaire with the
opacity level of the blue light filter 0%, 50%, and
100%, there was no significant difference (p> 0.05)
from the symptoms of tired, painful, irritated, watery,
dry eyes, drowsiness, burning/burning, blurry,
difficulty focusing, discomfort, and the total score
(Table 3)

4. Discussion

The results of the pre and post-test comparison
of the Asthenopia questionnaire in the group that
using a blue light filter opacity of 0% showed that in
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the Wilcoxon test, it was found that there were
significant differences in most of the asthenopia
symptoms and the total score. This can happen
because the continuous use of a smartphone for one
hour will cause asthenopia symptoms associated with
digital eye strain (DES). In previous studies, it was
stated that the symptoms associated with asthenopia
appeared significantly closer to one hour of
smartphone use. Exposure to blue light causes
phototoxicity and oxidative stress so that the use of a
smartphone for one hour continuously without pause
can cause various symptoms of asthenopia.’?3

In the group using a blue light filter opacity by
50%, the Wilcoxon test result that was used to
compare the pre and post-test results showed no
significant difference in most asthenopia symptoms
and the total score. This can happen because a blue
light filter is applied to the smartphone screen and
affects the blue light level entering the eye, thereby
reducing symptoms related to digital eye strain
(DES). There is a significant difference in the
symptoms of tired eyes and dry eyes, and this is
following previous studies that state that the highest
prevalence of asthenopia symptoms that appear in
individuals using gadget devices are symptoms of
tired eyes and dry eyes.*5®

In the group using a blue light filter opacity by
100%, there was no significant difference in most of
the asthenopia symptoms and the Wilcoxon test's
total score, which was used to compare the pre and
post-test results. This can happen because a blue light
filter is applied to the smartphone screen and affects
the blue light level entering the eye, thereby reducing
symptoms related to digital eye strain (DES). There
was a significant difference in eye pain, drowsiness,
and discomfort. This can occur due to the use of a
100% blue light filter, the percentage of blue light is
reduced a lot, and the smartphone screen becomes
yellowish, which encourages the eyes to tend to be
sleepy but is still forced to wake up so that these
symptoms arise.>6”

The results from comparing the differences in
the post-test of Asthenopia questionnaire on
smartphone use with a blue light filter opacity level
of 0% and 50% showed no significant difference.
However, there is a significant difference in the
symptoms of eye pain, this indicates a significant
reduction in eye pain symptoms after the use of the
blue light filter feature as much as 50%, so it can be
said that 50% blue light filter has a significant effect
on reducing eye pain symptoms after using a
smartphone for an hour.>#

From the study, it was also found that there was
no significant difference in the post-test results of the
Asthenopia questionnaire after using a smartphone

with a blue light filter of 0% and 100% opacity.
According to previous research, this can happen
because asthenopia symptoms began to appear
significantly in the minutes approaching one hour and
will continue to rise in the following minutes. From
the study, it was also found that there was a change
in dry eye symptoms, although after a statistical test
was carried out, there was no significant difference.
This can happen because even though 100% of the
blue light filter has been used, the eyes still tend to
focus and accommodate continuously on the
smartphone screen, which results in reduced blinking
frequency resulting in dry eyes.>%9

The results obtained from the study on the post-
test Asthenopia questionnaire after using a
smartphone with a blue light filter opacity of 50% and
100% showed no significant difference. However,
there was a significant difference in the symptoms of
drowsiness. This indicates a significant increase in
drowsiness eye symptoms after using the blue light
filter feature as much as 100% compared to the use of
the blue light filter feature as much as 50%, which is
due to the color of the screen when using the blue
light filter feature as much as 100% tends to be
yellow. Resulting in makes the eyes' drowsiness and
forces the individual to keep staring at the
smartphone screen, increasing the load given to the
eye so that other symptoms arise.*°

The results of the Kruskal-Wallis statistical test
comparing the post-test results of the Asthenopia
questionnaire between treatments using a smartphone
for one hour in the opacity level blue light filter group
0%, 50%, and 100% showed that there was no
significant difference in each asthenopia symptom
individually or on the total score.

In previous studies, it was stated that
asthenopia's incidence increased significantly at the
end of 60 minutes during its use and continued to
increase over time. In their study, Kim et al. also
mentioned that using a smartphone for more than two
hours can have a significant adverse effect on eye
health.1:

Blue light has a wavelength between 450-490
mm, close to the wavelength of ultraviolet light. Even
though it looks white, long-term exposure to blue
light can cause significant damage to the cornea and
retina due to its role in inducing phototoxicity and
oxidative stress. Besides, the habit of focusing the
eyes when looking at a smartphone will make the
eyes accommodate and converge continuously,
which will also make the frequency of blinking
decrease, thus exacerbating asthenopia symptoms.*->8

The reason there is no significant difference
between the results of the Asthenopia questionnaire
and the opacity level of the blue light filter of 0%,

33



Wiryawan AV, Kesoema TA, Prihatningtias R
Diponegoro International Medical Journal, 2021, 2 (1), 30-35

50%, and 100% is that this study was conducted with
a duration of one hour where asthenopia symptoms
appeared significantly in the final minutes
approaching 60 minutes and would increase with
time. As a result, data retrieval at the end of the 60th
minute tends to still not produce drastically different
data.

The limitation in this study is that the researcher
cannot control confounding variables such as
measuring the number of eye blinks of the research
subject, still used two types of smartphone screens in
this study, and researchers also do not equalize the
activities that carried out when using a smartphone.
This will affect the study results because there are
activities that require high eye concentration, such as
playing video games, but there are also activities that
tend to be relaxed, such as opening applications that
contain pictures and writing. Activities that require
high eye concentration are more likely to induce
asthenopia symptoms.*8

5. Conclusion

The mean Based on the data presentation and the
discussion that has been presented, it can be
concluded that there were no significant differences
in the Asthenopia questionnaire results before and
after using the smartphone for one hour with the
opacity level of the blue light filter of 0%, 50%, and
100%. The differences of Asthenopia questionnaire
results after treatment between opacity levels of 0%,
50%, and 100% of the blue light filter were also not
significant.
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