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Smartphone and tablet use in Australia and worldwide is reaching saturation levels and
associated visual and ocular discomfort such as headaches, eyestrain, dry eyes and sore
eyes are widespread. This review synthesises the available literature and considers these
symptoms in the context of a binocular vision and/or ocular surface aetiology. Eye discom-
fort with smartphones and tablets is discussed alongside similar symptoms reported with
desktop computer use. Handheld devices differ from computers in viewing position and dis-
tance, screen size and luminance, and patterns of use. Accommodation is altered with
handheld device use, with increased lag and decreased amplitude. Smartphone and tablet
use results in reduced fusional convergence and possibly a receded near point of conver-
gence. This is similar to what happens with computer use. Findings related to blink rate with
smartphone and tablet use are contradictory, perhaps due to the influence of task difficulty,
and there is limited evidence related to blink amplitude. Reduced blink rate and amplitude
are consistently reported with computer use. Use of handheld digital devices, like com-
puters, may adversely impact tear stability. There is insufficient evidence to support the
impact of handheld devices on tear volume, although this is reduced with computer use.
The available literature does not conclusively link eye and visual discomfort symptoms
reported with handheld digital devices, with changes in binocular vision, blinking or ocular
surface. However, there is a gap in our understanding of symptoms which occur with smart-
phone and tablet use in the context of how these devices are used. In addition, studies are
required in high users such as teenagers, and in patients with dry eye or accommodative/
binocular vision anomalies, all of whom may have a higher risk of symptoms. A better
understanding of symptom aetiology can guide clinical advice to minimise adverse impacts
on visual and ocular surface health and discomfort.
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smartphone

The use of smartphones and electronic tab-
lets has increased rapidly in Australia and
worldwide during the past decade. In 2017,
Australian ownership of smartphones was
88 per cent.! Usage of smartphones is
reaching saturation levels with 95 per cent
of those aged 18-34years using smart-
phones in 2017." Between 2011 and 2015,
the use of smartphones by Australian teen-
agers increased from less than 25 per cent
to 80 per cent.?

In 2017, the rate of watching videos on
smartphones including streaming has tri-
pled and online shopping has increased
14 per cent compared to 2016." The use of
smartphones and tablets is also increasing
in the 65 years and older population while
the use of desktop computers (hereafter
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referred to as ‘computers’) for household
purposes such as online banking and shop-
ping is stagnant.3

The long-term ocular effects of smart-
phone and handheld digital device use are
unknown. However, a range of short-term
ocular surface discomfort, visual discomfort
and aesthenopic symptoms are reported
with smartphones and tablets use.*” Ocular
surface discomfort includes sore eyes, dry-
ness, stinging, burning, itchiness and irrita-
tion. Visual discomfort and aesthenopic
symptoms includes blurred vision, difficulty
in refocusing between viewing distances,
headache, eye strain and double vision.

A large study of primary school children
in Korea found dry eye symptoms were
higher with mobile phone use and reduced

when phone use was stopped.* Korean ado-
lescents are reported to have more than
two times increased ocular discomfort and
visual symptoms, when smartphones are
used for more than two hours a day.®

Several studies have shown one hour of
tablet or smartphone use increases eye
strain and blur in young adults®”° by as
much as five times.® It is unclear whether
these collective symptoms are due to effects
on the accommodative/vergence system,
the ocular surface (including blinking) or a
combination of both.

The types of symptoms reported with
handheld devices are not dissimilar to those
reported with computers, where research to
date has focused. Adverse related effects
from computer use are similar to those
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listed earlier and have been termed ‘com-
puter vision syndrome’. This syndrome
has been reported by 20-40 per cent of
computer users and is associated with
short- and long-term effects on the accom-
modative system and ocular surface.'®'2

In spite of the overlap in symptoms
between handheld devices and computers,
it is likely that there are key differences in
the aetiology of these symptoms. Smart-
phones and tablets are small handheld
devices compared to computers which com-
prise a larger display oriented in the vertical
plane and an external keyboard and mouse.

Laptop computers can be set up on a
desk surface with an external keyboard and
mouse, similar to a desktop computer, or
can be used as a portable device; hence
symptoms may vary in people according to
their mode of use. Smartphones, tablets
and computers differ in terms of viewing
position, size, method and pattern of use.

This review evaluates the available litera-
ture for the effects of smartphone and tab-
let use on binocular vision, blinking and
ocular surface. The purpose is to consider
potential aetiologies underlying the ocular
and visual discomfort reported with these
devices and to highlight gaps in knowledge.
The limited literature on handheld devices is
discussed in the context of the extensive lit-
erature available on the effects of computer
use; similarities and differences within the
literature are considered. The effect on
accommodation and vergence is discussed
first, followed by the impact on blinking and
the tear film and ocular surface.

Relevant original research and review
journal articles published until December
2017 were identified through searches in
Medline and Google Scholar databases.
Reference lists of relevant publications
were also searched. Search terms used to
find relevant articles on common elec-
tronic devices were ‘smartphone’, ‘mobile
phone’, ‘cellular phone’, ‘tablets’ and
‘e-reader’. Search terms to identify symp-
toms of eye-related discomfort were
‘headache’, ‘aesthenopia’, ‘blurred vision’,
‘double vision’ and ‘eye strain’.

Articles on the impact of binocular vision
were found using the search terms ‘accom-
modation’, ‘convergence’, ‘vergence’ and
‘phoria’. Search terms for impact on ocular
surface and blinking were ‘tear film', ‘blink
rate’, ‘blink amplitude’, ‘blinking’, ‘dry eye’,
‘tear function’, ‘tear quantity’, ‘tear break-up
time', ‘meibomian gland dysfunction’ and
‘corneal staining’. Searches were carried
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out using combinations of aforementioned
terms. Articles in languages other than
English were included and translated by
native language speakers. Articles report-
ing statistical analysis of results were
included.

Literature relevant to the symptoms and
the impact on binocular vision, blinking, tear
film and ocular surface with smartphone
and tablet use is summarised in Tables 1
and 2, respectively. Table 3 summarises the
literature available on accommodative and
vergence changes with computer use along
with the impact on symptoms. Table 4 sum-
marises the literature available on the
effects on symptoms, blinking, tear film and
ocular surface changes of computer use.
These summaries are represented as a flow
chart in Figure 1.

Accommodation and vergence

The symptoms experienced with digital
device use may be associated with changes
in the accommodative system, including
changes to accommodative accuracy, flexi-
bility = (accommodative facility) and/or
amplitude.

Accommodation
ACCURACY OF ACCOMMODATION
Lag in accommodation is the amount by
which the accommodative response is less
than the dioptric stimulus to accommoda-
tion.*® When this difference exceeds the
depth of focus, symptoms such as near blur,
sore eyes and tired eyes may occur.*’ Sev-
eral studies of smartphone users under the
age of 35 years have concluded there is a
greater lag in accommodation after smart-
phone use than before use'*'® and the lag
exceeded that associated with reading
printed texts,'#"®

Reading from smartphones and tablets at
35-40 cm for 12 and for 30 minutes
resulted in a statistically significant greater
lag than reading printed texts at the same
distance.''> No significant differences in
lag between digital devices such as tablets
and smartphones are reported after
10 minutes of use at 25 cm viewing dis-
tance.*® Also, no significant difference in lag
was found between a handheld e-reader
and printed text at 50 cm.'® This discrep-
ancy, of lag reducing with smartphone use
but not with e-reader, could be due to the
extended viewing distance of 50 cm with
the e-reader.

No studies have directly determined
whether the increased accommodative lag
with smartphone use causes aesthenopic
symptoms.?®' One study that investigated
both lag and symptoms found no change in
lag with a Kindle e-reader read at 50 cm but
did find an increase in tired eyes and gen-
eral eye discomfort."”® Despite this, an
increased lag associated with increased
visual discomfort results in an array of
aesthenopic symptoms such as blur, head-
aches and soreness.*®

The methods for measuring lag of accom-
modation can influence results. The com-
mon clinical method, monocular estimation
method, results in a lower lag with a simu-
lated computer screen than printed target.?”
However, a smaller study measuring lag
objectively using an auto-refractor with simi-
lar targets found an increase in lag when
viewing a computer screen.*® The subjective
accommodative lag measurement - monoc-
ular estimation method - showed large
inter-examiner variability resulting in exam-
iner bias.?’ There is also evidence that
accommodation does change in response to
the introduced lens in monocular estimation
method retinoscopy.®’ Therefore, further
studies with objective measurement tools
are necessary to gain reliable conclusions.

ACCOMMODATIVE FACILITY
Accommodative facility is the flexibility to
focus at a variety of viewing distances.
Reduced facility with printed text has been
correlated with blurred vision.%>3

Smartphones and tablets are often used
while multitasking with other activities. This
requires the user to quickly adjust accom-
modation to focus at the screen and then
relax accommodation for distant targets to
maintain clear vision. Overall, there is a lack
of reliable evidence linking aesthenopia
associated with smartphone use to accom-
modative facility. For example, no significant
change in binocular or monocular facility
was found after reading from a book or
viewing a film on a smartphone for
30 minutes.™ This contrasts with a study
that found that binocular facility significantly
reduced from 11.5 cycles per minute to
8.75 cycles per minute after 60 minutes
of smartphone viewing."”” Furthermore,
reduced binocular facility occurred after
reading from a tablet for 30 minutes com-
pared to before task.?® In particular, it is dif-
ficult to make direct comparisons of results
due to limited details about the testing
methods.
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No change in

or TMH

(Australia)

fixation disparity

BR: blink rate, DE: dry eye, NFV: negative fusional vergence, NPC: near point of convergence, NRA: negative relative accommodation, PFV: positive fusional vergence,

PRA: positive relative accommodation, TBUT: tear break-up time, TMH: tear meniscus height; WD: working distance.

All studies were interventional, other than two cross-sectional studies which are indicated with #.

"Bloodshot eyes, warm eyes, pressure in eyes, itchy eyes, sore eyes, blurry vision, foggy vision, want to close eyes.

*Ocular Surface Disease Index (OSDI).

SVision blurring, redness, visual disturbance, secretion, inflammation, lacrimation and dryness.

Aesthenopia, blur and dryness.

**Tired eyes, uncomfortable eyes and blur - when WD was reduced intra-task.

"Eyestrain, discomfort, tiredness.

Table 1. Continued

It is unclear exactly how smartphones and
tablets disturb the flexibility of the accom-
modative system. It is possible that the
added cognitive demand from the multi-
functionality of these devices may adversely
affect accommodation, consequently affect-
ing the ability to make quick focusing
changes.>®  Furthermore, the reduced
accommodative facility could be due to near
work in general and not related specifically
to computers or handheld digital devices.

Little work has been published with
regard to the relationship of near work and
changes in accommodative facility with print
media. Jiang and White®® found that, after a
non-specified ‘20-minutes near task’, monoc-
ular accommodative facility did not change.
On the other hand, Iribarren et al.>* found
that the cumulative duration of near work
over months, whether computer-related or
print-related, showed a significant negative
correlation with binocular accommodative
facility, a test also affected by vergence.

There is also no definitive understanding
for how computers affect accommodative
facility. Some studies show a decrease in
accommodative facility that aligns with
aesthenopic symptoms,®®3' while other
studies show no difference or even an
improvement after computer use.”® One
study reports both monocular and binocular
facility significantly reduced by almost
20 per cent after two hours of computer
use®® with post-task symptoms reported
including worsening eyesight, eye strain and
headache. These findings were not repli-
cated in a computer task of only
90 minutes; that is, monocular and binocu-
lar facility did not change significantly after
use.' It is possible that the discrepancy of
results related to changes in accommoda-
tive facility after device or computer use are
due to the different demands of the tasks.
The differing working distances and detail
within the task, such as font size and con-
trast, may create different demands on the
accommodation and vergence systems, thus
differently affecting accommodative facility.

AMPLITUDE OF ACCOMMODATION

Accommodative amplitude is the difference,
expressed in dioptres, between the refract-
ing power of the eye when adjusted for
vision at the far point when accommodation
is completely relaxed and when adjusted for
vision at the nearest point of clear vision.”
The usual clinical methods of measuring the
amplitude of accommodation, such as the
push-up method, are subjective and

© 2019 Optometry Australia
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determine the level of amplitude based on
the stimulus location and not accommoda-
tive response. Objective measures are
needed to provide the true accommodative
response. With prolonged near work,
adverse changes to amplitude can indicate
fatigue®® that may cause blur and delay in
changing focus.>’

Reduced  subjective  accommodative
amplitude has been shown after digital
device use.*'®2" For example, reduced
accommodative amplitude was reported in
subjects who read from a computer and
iPad for 20 minutes at a viewing distance of
50 cm. There were no significant differences
between these two devices.?' A statistically
significant reduction of 1.17 D in binocular
accommodative amplitude and 1.14 D in
monocular  accommodative  amplitude
occurred after 30 minutes of watching a
movie on a smartphone.'® This monocular
reduction in amplitude was 0.74 D more
than from reading a book for 30 minutes.'
The findings of Kwon et al. found a similar
reduction in accommodative amplitude,
0.80 D, after viewing a smartphone for
30 minutes.'® While the implications of an
approximately 1.00 D loss of accommodative
amplitude may not seem to be clinically rele-
vant for a young person, the reduction after
such short-term use leads to a concern about

the effect of longer durations of use.'*"®
Reduced  subjective  accommodative
amplitude also occurs with computer

use.3%3" A significant decrease in binocular
accommodative amplitude was demon-
strated after 40 minutes of computer activ-
ity.3' However, it is unclear whether the
reduced amplitude is purely due to com-
puter use as other authors report no signifi-
cant difference between computer and non-
computer near tasks.?® This latter study also
reports blurred vision, diplopia and photo-
phobia which were significantly greater with
the computer task than with a non-
computer near task.® The reasons for the
reduced amplitude of accommodation with
computer use and other near work is
unclear. If tonic accommodation adapted to
prolonged near work, the measured accom-
modative amplitude would increase®® it
seems more likely that the reduced ampli-
tude of accommodation is a result of fatigue
of accommodation.

The results reported for the above studies
could also have been confounded by the
measurement method for accommodative
amplitude which was largely subjective (for
those studies where the measurement
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method was disclosed). Objective measures
may have returned different results since
they reflect the true accommodative
response.

In summary, accommodative changes
occur with smartphone and tablet use. This
includes reduced amplitude of accommoda-
tion and increased lag. Although aestheno-
pic symptoms are associated with such
binocular vision anomalies, there is a lack of

studies correlating these anomalies in
smartphones and tablets with related
symptoms.
Vergence

The convergence and accommodative sys-
tems work together during near work and
form two components of the triad response
to near work (the other being miosis). Corti-
cal commands control the abduction and
adduction of the eyes to diverge and con-
verge, for a target moving respectively from
near to far or vice versa,>®%°

Convergence insufficiency, characterised
by exophoria at near, is the most common
vergence disorder with symptoms occurring
with near work. Positive fusional vergence
and negative fusional vergence are clinical
measures of vergence, measured by
increasing base out and base in prism until
fusion breaks (to measure convergence and
divergence, respectively). Other measures of
vergence include the near point of conver-
gence, which is the point where the lines of
sight intersect when the eyes are in the
position of maximum convergence, hetero-
phoria, and vergence facility. No studies
were found investigating vergence facility
after handheld device or computer use.

NEGATIVE AND POSITIVE RELATIVE
VERGENCE

Much research into the impact of digital
devices on the vergence system has mea-
sured the change to negative fusional ver-
gence and positive fusional vergence, but
the link between these parameters and ocu-
lar and visual discomfort symptoms remains
inconclusive. Fusional convergence has been
shown to reduce after reading on an iPad
and on a liquid crystal display screen at
50 cm for 20 minutes in subjects younger
than 30 years?' but this finding was not repli-
cated with smartphones viewed at 40 cm for
30 minutes in similar aged participants.'®
Negative fusional vergence was reduced in
both presbyopes and non-presbyopes while
the change in positive fusional vergence post
task was insignificant.’®

There is more published literature for ver-
gence changes with computer use than for
smartphone use. There are reports that
fusional convergence and divergence reduce
over six hours of computer use in a
day;?>?%2% however, another group did not
replicate this finding in five hours of com-
puter use.?? This could be due to differences
in methodology as the former studies?>2®
used stereograms in-instrument (Keystone
telebinocular) compared to the latter who
used prism bars in free space to measure
fusional vergence. Furthermore, it was the
use of computers relative to non-computer
near tasks, which significantly decreased
fusional convergence.?®

There are no reports correlating visual
discomfort symptoms with altered vergence
findings with computer screens or handheld
devices.

NEAR POINT OF CONVERGENCE

There are conflicting reports for how digital
device use affects near point of conver-
gence. Near point of convergence receded
in those who used computers routinely
compared to those with sporadic use over
four workdays;?®> however, another group
did not find this over five hours of continu-
ous computer use in a day.** This could be
because the latter group took only single
measurements while the former took an
average of three measurements to mea-
sure near point of convergence. A more
recent study reported a receding near
point of convergence after 20 minutes of
both smartphone and computer use. The
near point of convergence post-device use
was further for the smartphone than the
computer.’® After 10 minutes of recovery,
the near point of convergence measure-
ment returned to pre-usage levels for both
devices."®

OCULAR DEVIATION

Limited evidence is available on the impact
on disassociated phoria with digital devices.
There is a greater tendency for phoria to
shift toward greater exophoria after using
computers for a working day.?® Similar find-
ings were noted with shorter duration
(20 minutes) of computer and smartphone
use in participants with mean age of
21 years.'® After a 10 minute recovery, the
horizontal phoria measurement with both
devices returned to levels found in the first
five minutes of use.”® Although smartphone
viewing can induce larger exophoric shifts
during device viewing compared to before

© 2019 Optometry Australia
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Binocular vision

Accommodation Vergence
I I
I I I I I I
Lag Amplitude Facility Fusional vergence NPC Ocular deviation
Increases | Decreases © 2‘0 change & @PFV: both decreases \_Recedes Short-term
o= o= ecreases - &nochange shown @ % LT e
= ldiEge = PFV: decreases exophoria
increase & decrease oL
(E]EER | @ NFV:decreases
= NFV: insufficient data
Blinking and ocular surface
I | |
Blinking Tear film Corneal staining
— | | |
Rate Amplitude Volume Stability Composition @ Insufficient data

@ Decreases

& increases data and no change no change
& no change & Decreases reported reported
reported 8 Decreases = Decreases

= Decreases

@ Insufficient \‘ ®Both increases

L@ Decreases & L@ Insufficient data

= tOsmolarity,
1 mucin, tinflammatory
mediators

= No change &
increases reported

Figure 1. Summary of reported impact on binocular vision, blinking and ocular surface with smartphone and computer use. The
symbol = denotes computer and o denotes smartphone and tablet studies.

device use,’ this may only be applicable for
younger-age adults. A report of an older
cohort of adults aged 36-50 years showed
no change to esophoria or exophoria with
smartphone use for 30 minutes.'® At this
point it appears that any ocular deviation
changes induced by short-term (20 minutes)
digital device use will recover to normal
levels in a relatively short time. There is no
evidence for any long-term changes occur-
ring with long-duration use.

In children aged between seven and
16 years and with acute acquired comitant
esotropia who used smartphones for more
than four hours a day, the eso deviation sig-
nificantly reduced after ceasing smartphone
use for one month.®" However, it is impor-
tant to note that this study involved children
with only a subset of esotropia and there

© 2019 Optometry Australia

was no indication that smartphone use
caused the esotropia.

Blinking, tear function and
dry eye

Digital device use can affect blink patterns,
ocular surface homeostasis and tear film
function.*>%1762 These effects are likely to
contribute to a variety of ocular discomfort
symptoms (such as dryness, grittiness, for-
eign body sensation, burning, stinging, sore
eyes), blurred vision, and dry eye disease.
A study of children aged 10-12 years
reported those with dry eye disease were
found to be twice as likely to use a smart-
phone compared to those without dry
eye.%2 Longer hours of smartphone use per

day increased the likelihood of dry eye dis-
ease in this cohort, with almost double the
odds noted.®? This agrees with the other
findings of a 13 times higher odds of dry
eye in children who used smartphones.”
The literature on these changes with smart-
phones, tablets and computers is sum-

marised in Tables 1, 2 and 4 and in
Figure 1.
Blinking

The movement of the eyelids during a blink
spreads the tear film evenly over the ocular
surface. Impaired blinking disturbs the bal-
ance of replenishment and evaporation of
the tear film® resulting in disruption of tear
structure and thus homeostasis of the ocular
surface. This, in turn, may give rise to symp-
toms of ocular discomfort.5*

Clinical and Experimental Optometry 102.5 September 2019
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Blink  measurement methods vary
between studies and it can be difficult to
compare between studies. Methodologies
include observation of superior eyelid mov-
ing downward, video-recording the lid
movement, and electrophysiological signals
to recognise blinks.®> Parameters measured
include number of blinks in a certain time
frame (blink rate), time between blinks
(interblink interval) and amplitude of blink.
Definitions of a complete/incomplete blink
also vary between studies, with some inves-
tigators defining a complete blink as one
where the cornea cannot be observed
between eyelids'94?>%* and others qualifying
75 per cent corneal coverage as a complete
blink.?

BLINK RATE

Reduced blink rate is consistently reported
with computer use,32-3537:394456 \hich has
been associated with an increase in ocular
and visual symptoms."" In a study of com-
puter users in an office environment, com-
puter users had reduced blink rate
compared to non-users®**® and blink rate
was reduced by half within minutes of com-
puter viewing compared to immediately
prior to computer use.*®

In contrast, there are conflicting reports
for blink rate and the effects of smartphone
and tablet use. Park et al.° report reduced
blink rate after 60 minutes of viewing a film
or playing a game on a smartphone,
whereas  Golebiowski et al.'” report
increased blink rate over 60 minutes of
reading from a smartphone. Benedetto
et al.’ found reduced blink rate with read-
ing for one hour from a liquid crystal display
e-reader compared to reading from printed
text in a similar setup; however, Argiles
et al.” found reading from tablets resulted
in a higher blink rate than when reading the
same text in print. It is unclear from the
methodologies in many of these reports
what the criterion was to classify a ‘blink’;
specifically, whether only complete blinks
were counted.

It is likely that blink rate is task-dependent
and not solely due to the device type. When
the same reading task is carried out on a
computer screen and on printed paper
under the same viewing conditions, blink
rate does not differ.**%® There are substan-
tial differences in blink rate between conver-
sation and computer use - 17 blinks/minute
and 6.5 blinks/minute, respectively.®® Longer
inter-blink intervals occur with computer
games of 10 or 30 minutes (7.5 seconds)

Clinical and Experimental Optometry 102.5 September2019
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than with a non-computer activity of looking
into infinity (4.8 seconds).>

There appears to be a causative relation-
ship between task difficulty and reduced
blink rate.3”3%%° |t has been shown that
blink rate is reduced more when viewing
complex print targets compared to simple
print targets when both are viewed in down
gazes.®® This needs to be investigated with
smartphones as these are most commonly
used in down gaze.

Reduced blink rate over three minutes
has been found with complex computer
games requiring constant attention, com-
pared to watching a movie or simply staring
at the screen.®” Furthermore, when subjects
played a fast-paced game, blink rate was
lower than when playing a slow-paced
game.?® The effect of cognitive demand on
blink rate was also confirmed by Rosenfield
et al.,”® who showed a lower blink rate in a
reading task of high compared to low cogni-
tive demand. A similar such reduction was
not found between equally difficult tasks
viewed on printed paper or tablet screen.”®

Reduced blink rate increases the inter-
blink interval, which enables greater evapo-
rative loss of tears®® thus causing
increased ocular surface discomfort. This
suggests that greater concentration on a
computer task may result in increased ocu-
lar discomfort as a result of reduced blink
rate. These findings need to be replicated
with smartphones and tablets, and with
tasks requiring concentration, longer screen
time and constant cognitive attention from
the user.

BLINK RATE AND GAZE ANGLE

Unlike computer screens which usually
have a fixed location and limited viewing
angles, the viewing angle and viewing dis-
tance of smartphones and tablets can be
easily and frequently modified by the
user.”' These devices are typically held
beneath eye level, in contrast to the pri-
mary gaze angle with desktop computer
screens.

There is a relationship between gaze
angle and blink rate for computer use. Tear
film evaporation and stability is more likely
to be affected in higher gaze angles because
the palpebral aperture is wider, and conse-
quently a greater area of the ocular surface
needs to be covered by tear film.”? Although
it is known that the palpebral aperture is
smaller in down gaze, it is not known what
impact this has on dry eye symptoms. There
ismevidence that viewing a computer in

primary gaze increases the ocular surface
area exposed compared to viewing the
same task on a computer screen at 25°
below primary gaze.”® A reduced blink rate
in lower gaze has been noted in studies of
printed texts.'®®® Handheld devices such as
smartphones and tablets are habitually
used in various gaze angles. Consequently,
symptoms will vary depending on the
exposed ocular surface and tear film
distribution.

There is substantial ambiguity in the liter-
ature in how gaze and device angles are
described; this limits comparison between
studies. For example, it is unclear if the
reported viewing angle is that of the angular
motion of the eyes only or whether it
includes neck motion, termed flexion.>'%74
Insufficient information is also provided for
device angle, where tilt of computer screen
or tablet is not always clearly identified as
being from the horizontal or from the verti-
cal, with often only a numerical angle value
provided.'?3°

BLINK AMPLITUDE

Blink amplitude describes how much of the
exposed cornea is covered with the move-
ment of the eyelids during the blink. An
almost complete closure of the eyelids is
essential to turnover and replenish the tears,
as the tears cannot otherwise move outside
of the interpalpebral region.” As there is no
vertical pull of tears via gravity,” the cornea
is not completely replenished with tears when
only a partial or incomplete blink occurs.

A higher proportion of incomplete blinks
have been shown to result in increased dry
eye symptoms with computer use.%* There is
evidence of a higher proportion of partial
blinks with computer tasks compared to read-
ing from hard copy.'* Argiles et al."® also
observed more incomplete blinks with tablets
compared to the same task presented as
print, but blink amplitude has not previously
been investigated with smartphone use. Task
difficulty does not impact blink amplitude 3>

No studies published to date have exam-
ined the impact of gaze angle on blink
amplitude with digital devices including
computers, although gaze angle may play a
role in blink amplitude.”®

In contrast to the consistent effects on
blink rate and amplitude shown with com-
puter use, the findings for effects of hand-
held digital devices on blink rate are
inconclusive, and may be confounded by
task difficulty and the way the devices are
held and used.
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Tear function

TEAR VOLUME

Tear volume is a measure of the efficacy of
tear production - specifically, of the aque-
ous component of the tears. This compo-
nent forms the bulk of the tear film and
contains vital antimicrobial, anti-
inflammatory and lubricating factors critical
to maintenance of the health of the ocular
surface. Tear film secretion and quantity in
studies of digital device use has been mea-
sured by determining tear meniscus height
or administering the Schirmer strip test.

Golebiowski et al.'” found no changes to
tear meniscus height after one hour of
reading from a smartphone, and Madudoc
et al. similarly showed no effect with tab-
let use over the same time. Park et al.’
reported increased Schirmer scores after
viewing a film or playing games on a smart-
phone; however, the investigators specu-
lated that reflex tearing may have affected
results.

In contrast, reduced tear volume is gener-
ally reported with computer use. In the
study by Nakamura et al.*® of office workers
in Japan, a decreased Schirmer score was
evident for those working on computers for
longer than two hours per day or for more
than four years of use. Reduced Schirmer
scores have been reported after a nine-hour
day in computer users compared to non-
computer users (janitors)* and in a study of
female habitual computer users compared
to female workers in the same offices who
were not computer users.** Reduced tear
meniscus height was similarly reported after
20 minutes of playing a computer game
when compared to viewing of a distant
object, but the tear meniscus height did not
vary between a slow-paced and a fast-paced
game.>°

Although tear volume appears reduced with
computer use, studies investigating the effects
of handheld digital devices are conflicting.

TEAR STABILITY

A stable intact tear film is essential to main-
tain a smooth optical surface to enable clear
vision and is facilitated by the outer lipid
layer of the tear film. Tear film stability in
studies of digital devices has predominantly
been determined by measuring the tear
break-up time.

Two studies have investigated tear stabil-
ity with 60 minutes of smartphone and tab-
let use. Kim et al.> reported reduced tear
break-up time after 60 minutes of playing a
game or watching a movie on a tablet,
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whereas Golebiowski et al."” did not find a
change in tear break-up time or lipid layer
thickness with 60 minutes of reading from a

smartphone.
A study of children aged 9-10 years with
dry eye showed tear break-up time

improved when smartphone use was
stopped for one month.* This study also
found that a lower tear break-up time
(of less than 10 seconds) and/or corneal
punctuate erosions were present in children
who used smartphones for an average of
three hours a day, whereas tear break-up
time greater than 10 seconds was found in
children who used smartphones for less
than an hour a day.* Furthermore, the odds
of having dry eye disease was 13 times
higher in the group who used smartphones
for three hours a day.*

Reduced tear break-up time occurs with
computer use. 344345 Reduced tear break-
up time and lipid layer thickness have been
shown after as little as 20 and 60 minutes of
playing a computer game (both slow-paced
and fast-paced)®>* although an earlier
study did not find a difference in tear break-
up time after 10 minutes.® Decreased tear
break-up time was also found after a routine
day of work in computer users but not in
non-users* and in habitual computer users
with dry eye who used computers more than
four hours per day compared to those who
used computers less than four hours per
day.*® The latter study showed adverse
changes to the quality of meibum expression
in the more than four hours per day group.*

In contrast, two studies of computer
workers did not find a relationship between
hours or years of computer use and the
effect on tear break-up time® or the tear
film lipid layer.3®3® No effect of task diffi-
culty on tear break-up time was shown in
the one study which has examined this,
although a reduced blink rate (but no
change in blink amplitude) was shown with
more difficult tasks in the same study.?”

TEAR FILM COMPOSITION

Changes to tear film composition such as
reduced mucin production, increase of
inflammatory markers and tear osmolarity
have been reported in computer
users*#*77 put have not yet been studied
with smartphones or tablet use. Higher con-
centrations of pro-inflammatory mediators
were present in the tears of office workers
who used computers compared to non-
computer users.** Reduced concentration of
the tear mucin MUC5AC, was found in

habitual computer users of more than eight
hours per day, compared to those who used
computers for less than five hours per
day. ¥’

Tear osmolarity, a diagnostic marker of
dry eye,”® has been shown to increase after
seven hours of computer use by regular
users, but the same increase was not seen
in non-regular users.*> Tear osmolarity was
found to be a better predictor of dry eye
disease in regular computer users as it was
associated with corneal staining, tear break-
up time and meibomian gland dysfunction,
as opposed to ocular surface disease index
results.””

Corneal staining

There are no reports describing effects of
smartphone or tablet use on corneal or con-
junctival integrity, as measured with vital
dye staining. There are conflicting reports
for staining and computer use. Yazici
et al.** report no change in corneal and con-
junctival staining with lissamine green after
seven hours of computer work, and Fenga
et al.®® reported no relationship between
corneal staining and longer hours of com-
puter use. In contrast, Himebaugh et al.3’
report increased corneal staining after three
minutes of watching a movie or playing
games on a computer screen.

Tear film and ocular surface
effects in dry eye patients
Interestingly, no relationship between com-
puter use and tear volume was found in two
studies of computer users with dry eye,3643
despite the reduced tear volume generally
reported with computer use (discussed ear-
lier). Fenga et al.>® report that the number
of hours of computer use does not affect
Schirmer tear secretion in computer
workers with meibomian gland dysfunction,
while increased tear secretion was apparent
with longer hours of computer use in non-
meibomian gland dysfunction computer
workers.

Similarly, Wu et al.** showed that Schir-
mer tear secretion was not different
between office workers with dry eye who
performed less than four hours of computer
work and those who performed more than
four hours of computer work per day. How-
ever, the same study did show effects on
tear break-up time and corneal staining in
both groups.** These results suggest that
computer use may not impact tear produc-
tion in individuals with dry eye, perhaps
because their tear production is determined
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to a greater degree by pre-existing ocular
surface dysfunction.

In comparison, studies of tear stability in
digital device users who have dry eye
agree with the findings reported above for
more general populations. In a study of
tear stability in children with dry eye, tear
break-up time improved after smartphone
use was stopped.* Longer hours of com-
puter use in adults with dry eye are associ-
ated with reduced tear break-up time and
worse meibum expression scores.*® In con-
trast, other studies of computer users with
and without dry eyes do not report an
effect of hours of computer use or task dif-
ficulty on tear break-up time.3®3” There
are no published studies investigating tear
secretion in smartphone or tablet users
with dry eye.

Use of digital devices by individuals with
dry eye appears to increase corneal staining,
which is different to little impact on corneal
staining in those without dry eye. In children
with dry eye, corneal staining was elimi-
nated after smartphone use was stopped
for one month.* Corneal staining has been
observed in individuals with dry eye after
using a computer.?” More corneal staining
was evident in habitual computer users with
dry eye who used computers for more than
four hours per day compared to those who
used computers less than four hours per
day.*® In contrast, another study found no
relationship between corneal staining and
hours of computer use in computer workers
with meibomian gland dysfunction.®®

Further studies are needed to determine
whether pre-existing dry eye disease is exac-
erbated with the use of smartphones or tab-
lets. This will assist development of clinically
relevant recommendations.

Summary and future directions

The literature considering use of smart-
phones and tablets conclusively shows an
increase in ocular and visual symptoms
such as headaches, eyestrain, dry eyes and
sore eyes.*5 These symptoms are similar
to those which occur in computer vision syn-
drome. A causal link between these symp-
toms and changes to binocular vision,
blinking and/or tear function, has not yet
been established, and there is limited litera-
ture examining this relationship.
Accommodation has been shown to be
altered with smartphone and tablet use,
with  decreased  amplitude'®?'  and
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increased lag.'*'> This is similar to what
happens with computer use.?"?%2531 The
evidence for an effect on accommodative
facility is inconclusive. In addition, reduced
fusional convergence and limited evidence
suggests that the near point of convergence
recedes with smartphone and tablet use, as
occurs with computer use.

Findings for effects of handheld digital
devices on blink rate are inconclusive, per-
haps due to task difficulty, which also plays
a role in reducing blink rate. More incom-
plete blinks may occur with tablet use, but
the effect of smartphones on blink ampli-
tude has not yet been studied. In contrast,
both blink rate and amplitude are shown to
be compromised with use of computers.
Use of handheld digital devices may
adversely impact tear stability, similarly with
the use of computers. There is insufficient
evidence to support an impact of handheld
devices on tear volume, although there does
seem to be an effect with computer use.
Other markers of ocular surface and tear
function have not yet been investigated with
smartphone or tablet use.

Further research is required into the use
of smartphones and tablets to account for
the diversity in their use. Smartphones
being handheld devices with varying screen
sizes, are used with large individual differ-
ences in working distance. The luminance of
the display can vary automatically or can be
adjusted manually, whereas in computers it
is usually fixed and not altered often by the
user. Research involving computers has
examined long hours of use simulating
office environments; however, smartphones
can be used frequently, but intermittently
and outside of ‘office’ hours in all waking
hours.

There is a trend for users to concurrently
use multiple digital devices such as tablet,
phone and computer screens. This is called
dual or triple screening. It is not known
whether using multiple devices has a larger
impact on the visual system and ocular sur-
face, and the impact on accommodation
and vergence when switching views
between screens is poorly understood. In
addition, most studies of handheld digital
devices to date have examined subjects
aged 17 years and older. With more than
80 per cent of teenagers using
smartphones,? the impact on the visual and
ocular health of this younger cohort needs
to be investigated. Furthermore, normative
data of tear break-up time and Schirmer
scores for young adults needs to be

determined to enable objective evaluation
of the impact of handheld digital devices on
measures of ocular surface disease.” The
impact on higher-risk groups such as
patients with dry eye or accommodative/
binocular vision anomalies also needs to be
determined.

Understanding the ocular and visual
effects of smartphone and handheld digital
device use is essential for developing clini-
cal guidelines to minimise the ocular dis-
comfort of users. Such knowledge would
also be valuable for the design of digital
devices to minimise the potential for visual
and ocular discomfort in the broader
population.
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