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Purpose: In the present study, the visual discomfort induced by smart mobile devices was assessed in normal

and healthy adults.

Methods: Fifty-nine volunteers (age, 38.16 + 10.23 years; male : female = 19 : 40) were exposed to tablet
computer screen stimuli (iPad Air, Apple Inc.) for 1 hour. Participants watched a movie or played a computer
game on the tablet computer. Visual fatigue and discomfort were assessed using an asthenopia question-

naire, tear film break-up time, and total ocular wavefront aberration before and after viewing smart mobile

devices.

Results: Based on the questionnaire, viewing smart mobile devices for 1 hour significantly increased mean
total asthenopia score from 19.59 + 8.58 to 22.68 + 9.39 (p < 0.001). Specifically, the scores for five items
(tired eyes, sore/aching eyes, irritated eyes, watery eyes, and hot/burning eye) were significantly increased
by viewing smart mobile devices. Tear film break-up time significantly decreased from 5.09 + 1.52 seconds

t0 4.63 + 1.34 seconds (p = 0.003). However, total ocular wavefront aberration was unchanged.
Conclusions: Visual fatigue and discomfort were significantly induced by viewing smart mobile devices, even
though the devices were equipped with state-of-the-art display technology.
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Smart mobile devices have increased in popularity
among the general population; they have many benefits in
daily life, such as facilitating communication, acting as
portable all-in-one devices that include a phone, camera,
GPS (global positioning system), and MP3 player and as-
sisting handicapped people by providing verbal or mo-
tion-activated applications. However, with the recent wide-
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spread use of smart mobile devices, serious psychophysical
health problems have increased worldwide. In a recent re-
port, approximately 14% of middle school students were at
high risk of smartphone addiction [1]. In another report,
45% of smartphone users felt anxiety when not holding
their smartphones [2]. In addition, excessive use of smart
mobile devices can cause physical problems, such as neck
stiffness, blurred vision, dry eyes, and wrist or back pain
[3,4]. In particular, asthenopia induced by excessive view-
ing of computer screens (including those on smart mobile
devices) is defined as computer vision syndrome (CVS) [5-
8], which presents with visual, ocular and musculoskeletal
(especially neck and shoulder) symptoms.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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The resolution of smart mobile devices is rapidly im-
proving. Recently, a new retina display was introduced by
Apple Inc. (Cupertino, CA, USA) with a higher pixel den-
sity (iPad Air, screen size of 9.7 inches and resolution of
2,048 x 1,536 pixels) rendering text and images extremely
crisp; thus, pixels are invisible to the naked eye. High-reso-
lution displays may have an advantage because they pres-
ent brighter and clearer images; however, their effect on
visual fatigue is not well known.

In this study, the visual discomfort induced by smart
mobile devices equipped with state-of-the-art display tech-
nology was assessed in normal, healthy adults by measur-
ing tear film break-up time (TBUT), total ocular wavefront
aberration, and visual fatigue using a questionnaire.

Materials and Methods

Study design and population

This was a prospective interventional case series study.
The study followed the tenets of the Declaration of Helsin-
ki and was approved by the institutional review board of
Dongguk University Ilsan Hospital, Goyang, Korea. The
purpose and design of the study were explained to all par-
ticipants individually and informed consent was obtained
before starting the screening test. Sixty-two healthy volun-
teers were recruited. Healthy subjects aged 20 to 65 years
who viewed a smartphone or computer, including tablet
and television, for at least 2 hours daily were included in
the study. The exclusion criteria are listed in Table 1. After

Table 1. Exclusion criteria

Ocular disease in either eye

1. Ocular surface disease:
corneal fluorescein staining grade >3
Schirmer I (without anesthetic) test <5 mm
TBUT <5 sec

2. Best-corrected visual acuity <20 / 30

3. Intraocular pressure >21 mmHg

4. Retinal nerve fiber defect based on optical coherence
tomography results

5. Significant cataract (lens opacities classification system I11:
>NO3/NC3, >C3 or >P3)

6. Significant entropion or ectropion

7. Significant tear drainage problem proved with fluorescein
dye dilution test:
soft or hard contact lens use 3 or more days a week

TBUT = tear film break-up time; NO = nuclear opacity; NC =
nuclear color; C = cortical opacity; P = posterior capsule opacity.
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passing the screening test (two subjects were excluded as
screening failures), 60 subjects were selected for the study;
finally, 59 subjects were exposed to tablet computer screen
stimuli (one subject did not show up after passing the
screening).

Ophthalmic screening test

Ophthalmic screening for participants included slit lamp
microscopy, non-contact intraocular pressure measure-
ment, fundus photography, optical coherence tomography,
corrected distance visual acuity, Schirmer’s I test, and
TBUT.

Tablet computer screen stimulus

Participants were asked to watch a tablet computer screen
(iPad Air, Apple Inc) for 1 hour at a viewing distance of
approximately 40 cm. Participants watched a movie or
played a computer game on the tablet computer. We al-
lowed subjects with presbyopia the use of their reading
glasses or prescribed reading glasses that felt comfortable
at 40 cm. Tablet computer screen viewing was performed
in the same room throughout the study period with humid-
ity, temperature, and illumination consistently maintained;
the humidity and temperature were checked every study
day.

Outcome measures

Asthenopia was evaluated using a modified version of
the questionnaire developed by Ames et al. (Table 2) [9].
The questionnaire consisted of 10 questions related to as-
thenopia graded on a scale from 0 to 6, with 0 defined as
none and 6 as most severe; a score of 60 corresponded to
the most severe asthenopia. All subjects completed the
questionnaire before and immediately after tablet comput-
er use. The severity of asthenopia may change depending
on daily bodily conditions, including diurnal variations
and environmental factors such as illumination, humidity,
and room temperature [10,11]. Therefore, to compare the
effects of tablet computer watching, the asthenopia scores
before and immediately after tablet computer watching
(induced asthenopia) were calculated. Dysfunction of the
ocular surface lubrication system induced by severe asthe-
nopia can manifest as objective signs such as abnormal
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Table 2. Asthenopia questionnaire form

Symptom None Slight Moderate Severe
Tired eye 0 1,2 3,4 5,6
Sore/aching eye 0 1,2 3,4 5,6
Irritated eye 0 1,2 3,4 5,6
Watery eye 0 1,2 3.4 5,6
Dry eye 0 1,2 3.4 56
Eye strain 0 1,2 3.4 5,6
Hot/burning eye 0 1,2 3 4 56
Blurred vision 0 1,2 3.4 56
Difficulty in focusing 0 1,2 3.4 5,6
Visual discomfort 0 1,2 3,4 5,6

Modified from the original version proposed by Ames et al. Optom Vis Sci 2005;82:168-76 [9].

tear film and visual function. TBUT is the most commonly
used clinical indicator of tear film instability, and ocular
wavefront aberration can represent the precise focusing
ability of the optical system. TBUT and total ocular wave-
front aberration (Wavescan; VISX/Advanced Medical Op-
tics, Santa Clara, CA, USA) were measured in the right eye
of every subject before and after tablet computer viewing.
The measurements were performed in triplicate and mean
values were used for analysis.

Statistical analyses

Statistical analyses were performed using SAS ver. 9.3
(SAS Institute, Cary, NC, USA). Normality of data was as-
sessed using the Shapiro-Wilk test. Changes in measured
values were compared using paired ¢-tests and p-values
less than 0.05 were considered statistically significant.

Results

Demographics

Nineteen male and 40 female participants (a total of 59
participants) were included in this study. The mean age of
the participants was 38.16 £ 10.23 years (range, 22 to 64
years).

Asthenopia questionnaire response

The baseline asthenopia score was 19.59 + 8.58 and
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ranged from 10 to 51 (maximum possible total asthenopia
score was 60), showing the study population suffered from
mild to moderate asthenopia at baseline. Tired eyes, dry
eyes and eye strain mean scores were above 2.0. After 1
hour of tablet viewing, the scores for five items (tired eye,
sore/aching eye, irritated eye, watery eye, and hot/burning
eye) were significantly increased and the mean total asthe-
nopia score increased to 22.68 = 9.39 (p < 0.001) (Table 3).

TBUT and ocular wavefront aberration

TBUT before tablet watching was 5.09 + 1.52 seconds.
Although the study population was chosen after strict ap-
plication of exclusion criteria, the measured baseline
TBUT was below the normal standard value of 10 seconds.
Tablet watching induced a significant decrease of TBUT to
4.63 + 1.34 seconds (p = 0.003). However, total ocular
wavefront aberration was unchanged by tablet watching
(Table 4).

Discussion

In the present study, tablet computer screen watching
was shown to significantly affect subjective asthenopia
symptoms as well as objective TBUT. Notably, asthenopia
aggravation occurred even when using state-of-the-art,
high pixel density technology (improved retina display).

Smart mobile devices have become a must-have in mod-
ern life. With the widespread use of smart mobile devices,
smart device addiction has become a serious health prob-
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Table 3. Changes in asthenopia questionnaire responses before and after tablet viewing (n = 59)

Before viewing After viewing p-value
Tired eye 2.86 +1.24 (1-6) 3.37+1.10 (1-6) <0.001
Sore/aching eye 1.75 = 1.11 (1-6) 2.14 £ 1.34 (1-6) 0.004
Irritated eye 1.75+1.03 (1-6) 2.41+1.37 (1-6) <0.001
Watery eye 1.8 +£1.20 (1-5) 2.17 £ 1.38 (1-6) 0.041
Dry eye 2.47 +1.49 (1-6) 271 +£1.31 (1-5) 0.145
Eye strain 2.12+1.18 (1-6) 236+ 1.17 (1-5) 0.080
Hot/burning eye 1.53 +1.10 (1-6) 1.86 +1.21 (1-6) 0.024
Blurred vision 1.97 = 1.14 (1-6) 2.03 +1.22 (1-6) 0.626
Difficulty in focusing 1.54 +0.88 (1-4) 1.76 + 1.07 (1-5) 0.057
Visual discomfort 1.81 £ 1.12 (1-6) 1.86 + 1.12 (1-5) 0.678
Total 19.59 £ 8.58 (10-51) 22.68 +£9.39 (10-54) <0.001
Yalues are presented as mean + standard deviation (range).
Paired #-test.
Table 4. Change in TBUT and total ocular wavefront aberration before and after tablet viewing (n = 59)

Before viewing After viewing p-value’
TBUT (sec) 5.09 +1.52 (2.22-15.4) 4.63 £ 1.34 (2.24-15.0) 0.003
Total ocular wavefront aberration (Lm) 2.43 +£2.22 (0.18-8.69) 2.44 +£2.24 (0.26-9.06) 0.837

The mean value of three measurements is shown. Values are presented as mean + standard deviation (range).

TBUT = tear film break-up time.
Paired #-test.

lem worldwide [12,13]. One study found that 64% to 90%
of computer users develop CVS [5]. Using a computer for
more than 4 hours at a time can significantly increase eye
discomfort [14]. Similarly, readers of electronic books with
liquid crystal display (LCD) monitors also experienced
marked visual fatigue [15]. In addition, dry eye syndrome
is more common in those who work on computers and has
been reported in up to 60% of individuals who work with
video monitors [16]. This prevalence is very high when
considering the prevalence of dry eye syndrome in the
general population is approximately 10% [17]. Although
the exact mechanism of CVS is unclear, a decreased blink
rate and increased accommodative effort are considered
two possible underlying causes. Focusing on a smart mo-
bile device screen may entail continuous accommodation
effort without blinking for an extended period. One report
found the blink rate during computer work significantly
decreased and was negatively correlated with eye discom-
fort score [18]. Another study demonstrated the preferred
distance for viewing a mobile device (36.2 cm) was shorter
than the typical distance for reading books (40 cm) and the

shorter distance required more accommodation and con-
vergence [19]. Increased tear evaporation with decreased
blinking and enhanced accommodative effort might cause
dry eye aggravation with increased ocular irritation and
pain, as demonstrated in the present study.

Another possible mechanism of CVS is the blue light
emitted from a light emitting diode (LED) display. Al-
though the light from an LED appears white, the wave-
length of peak emission from LEDs ranges from 400 to
490 nm, in the blue light range [20]. Recently, significant
concerns have been raised regarding the hazardous effects
of blue light range which can damage both the cornea and
the retina by inducing phototoxicity and oxidative stress
[21-23]. A previous report found the blue light emitted
from the screen of a smart mobile device can cause eye fa-
tigue [20,24]. In addition, blocking blue light with a special
lens significantly reduced visual fatigue as measured by
critical flicker frequency [25]. Therefore, strategies to re-
duce blue light from tablet displays can be an alternative
method for reducing CVS.

The duration of smart mobile device use has already
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reached dangerously high levels in the younger generation
[26]. Prolonged daily exposure to smart mobile devices
(more than 2 hours per day) is a significant risk factor for
inducing multiple types of ocular discomfort [27]. Howev-
er, the long-term visual effects of intense and chronic
smart mobile device use have not been extensively investi-
gated. The possible ocular health issues caused by intense
smart mobile device use may not be confined to ocular
surface problems such as dry eyes and tear dysfunction,
but may also affect the neuronal networks of the retina.

One limitation of this study was the evaluation of visual
fatigue using a questionnaire. Although the responses to
questionnaires are somewhat subjective and can be affect-
ed by responders’ daily physical and mental conditions,
questionnaires are commonly used for assessing CVS
[9,11,27]. Using an objective measurement of asthenopia
would be a better alternative. However, to the best of our
knowledge, no established objective method for quantify-
ing asthenopia exists, although TBUT and wavefront anal-
ysis were used as objective methods in our study. Another
limitation was the lack of a control group in this study. As
mentioned earlier, many factors can cause asthenopia,
however, in addition to working at close distance, using
smart mobile devices alone can cause dry eye syndrome
with asthenopia. Using smart mobile devices is a risk factor
for dry eye because it affects blink rate and the meibomian
gland [28-30]. In this study, there was an obvious change in
the TBUT and the questionnaire before and after the work.
This suggested a possibility of asthenopia due to dry eye
caused by using smart devices. Because 3-dimensional im-
ages, movies and computer games provide a different stim-
uli to the fusion system [31], different degrees of asthenopia
can occur depending on visual content. In the present
study, we evaluated asthenopia only immediately after us-
ing smart mobile devices. Further research is needed to
evaluate the effect of stimuli duration and degree of asthe-
nopia dependent on visual content.

In conclusion, the results from the present study showed
visual fatigue was significantly aggravated when subjects
viewed a tablet computer screen for 1 hour, even though it
was equipped with state-of-the-art display technology.
Considering the increasing exposure to computer displays
in daily life, more guidelines and investigative efforts are
needed to maintain visual health.
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