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Smartphones and vision
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Summary

Many people spend too much time using their smartphones. Contrast, small screen size, resolu-
tion, image repetition frequency and screen reflection will cause characteristic ocular symptoms.

The objective of this study is to describe the ophthalmological symptoms in persons who spend
alarge number of hours using electronic devices. For this purpose, a search was conducted in
the Pubmed and MED line database to find the appropriate articles.

The most frequent ocular manifestation after prolonged use of smartphones without care
for eye hygiene were ocular complaints, such as tiredness, eye irritation, blurred vision and
transient, but marked elevated intraocular pressure.

Early and adequate recognition of ophthalmic symptoms that may be associated with the
using smartphones for many hours and the implementation of appropriate management can
protect against the occurrence of late complications in the form of permanent eye damage.
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INTRODUCTION small screen size, resolution, contrast, image repetition

frequency and screen reflection, will cause character-

Personal mobile equipment (i.e. smartphones) has
become a part of daily life. The most modern devices
are so advanced that they work as personal computers.
Many people spend much time using their smartphones
not only for the purpose of phone calls. Unlike conven-
tional computers, unique smartphone aspects, such as

istic ocular symptoms. Due to the mobility of smart-
phones, many people use them with poor illumination.
The small size of smartphones requires reduced font
size; this leads to looking at smartphones from closer
distances, which increases the demand for both accom-
modation and convergence. Furthermore, since an
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object viewed on a smartphone frequently changes, the
eyes must constantly focus to maintain a sharp image
on the retina. Frequent movement of the eyes, accompa-
nied by contraction of the medial rectus muscle (EOM),
is required during smartphone use, in particular when
scrolling or reading texts. As a result, a new phenom-
enon emerged—so-called digital eye-strain. It results
from intensive screen viewing, focusing oneself and
one’s eyes on reading the contents for more than two
hours on a single occasion.

The high number of hours spent on using electronic
devices may in some users cause Computer Vision Syn-
drome (CVS), a commonly known phenomenon [12]; it
is characterized by ocular complaints, such as tiredness,
eye irritation, blurred vision and neck and back myalgia.

SMARTPHONE AND INTRAOCULAR PRESSURE

A smartphone as a hand-held device can be positioned
at almost any direction, which often requires continu-
ous eye convergence in a vertical and/or horizontal
direction. Such eye movements and related contrac-
tion of the medial rectus muscle of both eyes may result
in increased intraocular pressure (I0P) while using
a smartphone.

Focusing the eyes on smartphone images from a close
distance from the eye for a long time causes permanent
accommodation and convergence exertion, which may
cause transient, but marked IOP fluctuations [15]. Yan
et al. found that accommodation may cause transient
IOP elevation in subjects with progressive myopia [19],
and Qudsiya et al. demonstrated that four hours of
using a computer causes marked IOP elevation in young
healthy subjects [13].

Authors found in their studies a marked difference in
fluctuations of intraocular pressure depending on illu-
mination conditions while using smartphones [8].

Under normal conditions of daily illumination, average
IOP increased after only 5 minutes of using a smartphone.
After putting the smartphone away, IOP values returned
to values from before starting using the smartphone.
The authors demonstrated that using a smartphone may
transiently increase I0P both under daily illumination
and with poor illumination, but with poor illumination
IOP increased more rapidly than under daily illumination.
Basic eye dynamics for this IOP changes during and after
use of a smartphone is unclear [5].

The following mechanisms are assumed to be involved:
accommodation, convergence, contraction of the
medial rectus muscle, psychophysiological stress, dry
eye and neck-flexion posture while viewing images on
a smartphone.

Using smartphones is associated with psychophysi-
ological stress; it stimulates the sympathetic nervous

system, and IOP is strongly dependent on increased
norepinephrine levels that occur as part of the sympa-
thetic response [3].

DRY EYE

Prolonged periods of using electronic displays are asso-
ciated with a higher prevalence of dry eye [16]. Persons
who spend much time using smartphones or tablets,
which is more and more common among young chil-
dren, are more prone to dry eye disease. This is a condi-
tion in which eyes do not produce adequate amounts of
tears to provide a protective eye film; this means that
the eye surface becomes more prone to irritation. Mei-
bomian gland dysfunction (MGD) is a principal cause of
dry eye diseases and this dysfunction may result from
less common blinking while using digital devices [4].
A markedly higher rate of incomplete blinking occurs
while using electronic displays. Consequent “dry eye”
not only causes eye discomfort, but also may contrib-
ute to increased IOP by stimulating free nerve endings
in the cornea, resulting in outgoing nerve impulses
through the trigeminal nerve. Although a definite
relation between dry eye and IOP has not been clari-
fied under clinical conditions, it is possible that irrita-
tion of corneal nerve endings due to dry eye may affect
I0P fluctuations. Studies have also indicated that, after
putting the smartphones away, dry eye symptoms dras-
tically resolve.

Anatomical characteristics of the eye, such as increased
pupil diameter and iris thickening in the dark, have been
well documented [10]. Structural changes of the eye as
well as high contrast between the smartphone screen
and the surrounding in the dimmed light may contrib-
ute to further increase of IOP versus daily illumina-
tion. Poor illumination of the surroundings causes more
vision fatigue and reduces visual efficacy while using
a smartphone screen [10].

It was not determined whether I0P changes from using
a smartphone increase the risk of glaucoma in healthy
subjects. However, a brief increase of fluctuations of
intraocular pressure plays an important role in the dis-
ease progression in glaucoma patients.

SMARTPHONES AND POSTURE

In most cases smartphones are held below the eye level,
which favors neck flexure. Straker et al. concluded that
a smaller screen requires the user to bend his neck more
that with a larger monitor [17]. The average neck flexure of
33-45° from the vertical plane was found, which persisted
while the subjects used a smartphone [11]. Obviously, the
body and head position affect IOP that was much higher in
subjects viewing the smartphone with flexed neck versus
subjects who maintained their neck in the same position as
their trunk or in neutral position [9, 18]. Thus, prolonged
neck flexion posture while reading or writing on a smart-
phone may contribute to increased I0OP.
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Screen brightness also affects digital eye fatigue. It is
less clear if “blue light” often emitted by the screens
of such devices as smartphones or laptops causes any
other problems than ocular. Blue light inhibits mela-
tonin release that naturally regulates sleep, because it
creates an impression that the day continues.

Teenagers and even small children spend more and
more time with their smartphones and computers
and the same group often experiences sleep problems.
Sleep is a key element in a child’s development and its
lack may cause many disorders. Immediate symptoms
include fatigue and impaired concentration. Long-term
sleep deficit may increase the risk of such diseases as
obesity, diabetes mellitus and heart disease. Children
below two years of age should not look at the screens
of electronic devices at all, while those under five years
of age should spend no more than an hour daily with
them - as recommended by the World Health Organi-
zation (WHO). Children below five years of age should
be physically active and have good sleep; this will help
them develop good habits and prevent obesity and other
diseases later in life.

Blue light is especially dangerous for our eyes, since,
contrary to other types of light, neither the cornea nor
the eye lens are able to block or reflect it; thus, this light
directly reaches eye photoreceptors - retinal cells sensi-
tive to light that do not undergo regeneration.

LED diodes used in television sets, computers, smart-
phones and tablets, emit light that seems white, but
exhibits peak emission in the blue light range (400-490
nm). Experimental studies indicate that exposure to blue
light may affect multiple physiological functions [18]
and may also damage the photoreceptors [7]. These data
confirm that exposure to blue light in the 400-470 nm
range may damage photoreceptors and the cells of the
retinal pigment epithelium [1].

TRANSIENT SMARTPHONE BLINDNESS

Currently, smartphones have become a necessity; unfor-
tunately, a new phenomenon has emerged, so-called
transient smartphone blindness (TSB) [1].

This applies to transient loss of vision in one eye, asso-
ciated with smartphone use while lying down in the
dark [14]. Symptoms reported by patients are usually
contralateral to the side on which the person was lying.
Blocking access to light in one eye, connected to lying
down on one’s side, contributed to one eye adapting
to darkness, while the other (viewing) eye adapted to
light. This resulted in transient contrary light adap-
tation between two retinas. When the light blockade
was removed, the eye adapted to light lost monocular
vision for a few to as many as up to 15 minutes [4]. This
is a relatively unknown phenomenon, associated with
a risk of misdiagnosis as multiple sclerosis or vascular
ischemic disease [17].

Transient smartphone blindness (TSB) is regarded as rel-
atively benign short-term pathology; long-term conse-
quences of this disease have not been clarified.

Currently, the risk of TSB is increased by the universal use
of smartphones, lack of knowledge of the effects smart-
phones have on their users, and the intensive blue light
emitted by the newest smartphones. Disturbances of the
sleep cycle caused by exposure to blue light may be exac-
erbated by using a smartphone in bed and thus promot-
ing TSB. There is a danger that incorrect therapy may be
initiated as a result of erroneous diagnosis in patients
with unclear test results [1]. Thus, it is important that
ophthalmologists and neurologist consider the history of
smartphone use by the patient in their routine practice
before establishing a diagnosis. To prevent TSB, smart-
phone users should use them in a well-illuminated room
and maintain posture in which the light does not enter
only one eye. People should also stop using smartphones
before going to sleep to avoid disturbances of the sleep
cycle as a result of blue light. Another factor that may
help avoid changes of the sleep cycle by blue light is using
technology that automatically reduces blue light for some
time. Cell phone manufacturers may distribute informa-
tion through public communications, warning their cli-
ents about the possible side effects of using telephones in
bed and in poorly illuminated rooms. Ophthalmologists
should know about TSB in order to advise their patients,
in particular teenagers, on how to use smartphones. In
the meantime, researchers advocate precautions, such
as wearing sunglasses that filter UV and blue light and
advise not reading on mobile devices in the dark, which
puts additional stress on delicate photoreceptors.

How can we protect ourselves from blue light in our
telephones and laptops, knowing that it is a part of
natural sunlight?

Multiple solutions are recommended, including short-
ening the time of smartphone (computer) use or put-
ting the device away completely. This is particularly
important at night, because energy from the transmit-
ted blue light may be more focused and intensified, and
can cause more destruction to our retinas. Simply close
your eyes or turn your eyes away from the screen for
a short period of time to let your eyes rest.

Adults, adolescents and even small children spend more
and more time in front of a smartphone and computer.
Extended periods of using smartphones at short distances
with no eye rest and limited outdoor activity contributes
to “accommodation fatigue” manifested as a delay in the
accommodation movement and occurrence of functional
accommodation spasm (so-called school short-sighted-
ness), i.e. an apparent shift of ocular refraction towards
myopia. In the initial period, accommodation spasm may
occur periodically, but when adverse work conditions per-
sist (too close distance to the images watched in smart-
phones with inappropriate lighting) accommodation
spasms become prolonged and with time may contribute
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to the development of true myopia. To prevent the devel-
opment of true myopia, we have prepared short 10-min
exercises of reading Snellen chart optotypes with oph-
thalmic lenses (+1.0 D, +1.5 D), with stepwise increases in
the distance from the chart [2]. Continuing regular exer-
cises and increased duration of outdoor activities improve
visual comfort and help protect patients from the need to
permanently use minus power lenses.
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