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Background: CVS and dry eye disease due to computers, in general, is well documented, but
specific literature on smartphone usage leading to these conditions is limited. This study aims to
estimate the prevalence of dry eye and determine the effect of duration of use on the CVS
symptoms in college-going smartphone users. Aims: (1) To find a correlation between smartphone
usage and dry eye(2)To find the prevalence of dry eye disease in the smartphone using college
students (3)To study whether the duration and pattern of smartphone usage has a bearing on the
severity of CVS symptoms. Materials and Methods: 394 medical students using smartphones for
over a year and without pre-existing dry eye disease or ocular surface pathology were included. Tear
film parameters were estimated. The duration of use and smartphone settings were correlated with
the prevalence of dry eye and computer vision syndrome symptoms. Results: The prevalence of dry
eye was 20.81%. The average DED score was 1.56±0.234, and 1.35±0.248 respectively in the DED
and non-DED group with a p-value of 0.0001. The most common CVS symptoms were fatigue (54%
in DED,44% in non-DED) and heaviness in both groups (60.9% in DED, 45% in non-DED group.).
Conclusions: There was a statistically significant increase in the DED symptom score and the
prevalence of CVS symptoms with increasing duration of use and daily exposure to smartphones.
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Introduction
Ours is a technologically driven generation and
digital devices including smartphones are an
essential part of our lives. Smartphones are mini-
computers that bring the world at our finger-tips.
Besides communication and entertainment, the
smartphone has evolved into an important
educational tool that provides instant access to
reference materials and databases on the go. In the
medical field also smartphones serve a vital role in
diagnosis, discussion, record keeping, and health
education [1-5].

The downside of this digital revolution is that the
increased screen-time has a negative impact on
ocular health. The small size and distance at which
the handheld smartphone screen is used, require
increased accommodative effort by the eye muscles
which leads to asthenopic symptoms such as
blurring, fatigue, dryness, and grittiness which are
referred to as Computer vision syndrome (CVS) [6].
Added to that is the reduced blink-rate, which
causes Dry Eye Disease (DED) by altering the tear
film dynamics [7,8]. Long-standing dry eye disease
leads to corneal epithelial changes which further
aggravate the symptoms. Recently there is evidence
to suggest that blue light emitted by the phone
screens has a damaging effect on retinal and
corneal epithelium [9]. The use of blue light
blocking glasses and screen guards has been shown
to reduce the symptoms of eye strain and fatigue
[10].

There are many national and international studies
on Computer Vision Syndrome and Dry Eye Disease
associated with computer use, but the number of
studies on the effect of smartphone use on
symptoms of eye strain and tear film parameters is
limited. Thus, the purpose of this study was to look
for any correlation between smartphone usage and
dry eye, as well as report the frequency of computer
vision syndrome (asthenopic) symptoms in
smartphone users.

The current study selected medical students for our
work because at present there was no data on
thesmartphone-related ocular problems faced by
this vulnerable group which has to rely on their
phones for educational purposes besides the other
routine uses. To the best of our knowledge, no
studies are showing a correlation of dry eye
symptoms with screen brightness and the use of
blue-blocking mobile-screen guards. Thus, these
points were also explored.

Materials and methods
Study setting: Department of Ophthalmology, LN
Medical College and JK hospital, Bhopal

Study Duration: Jan 2019-Jan 2020

Ethical considerations and permission: The
study followed the tenets of the declaration of
Helsinki, was approved by the Ethics and Review
committee, LN Medical College, and JK Hospital, and
complied with the Health Insurance Portability and
Accountability Act.

Study Type: Observational cross-sectional study

Sampling method: Convenient Sampling

Sample size: 394, calculated in consultation with a
medical statistician, Dept of Community Medicine,
LN Medical college

Inclusion Criteria:

Exclusion Criteria

Data Collection procedure: All the participants
have explained the nature and purpose of the study
and made to sign a Free and Informed Consent
Form, before starting data collection.

Questionnaire: The participants were made to fill a
questionnaire containing basic demographic
information, the period and daily duration of
smartphone usage, and the symptoms of the dry
eye experienced by them. The duration of
smartphone usage was divided into 2 groups: 0-3
years and more than 3 years [11,12]. Similarly, the
number of hours spent daily on the smartphone
were categorized into: less than or equal to 3 hours
and more than 3 hours based on previous studies.
The evaluation of symptoms was done by a modified
OSDI (Ocular Surface Disease Index) [11].
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01. College going students between the age of 19-
25 years

02. Those giving consent for the study were
included

03. Using a smartphone for more than 1 year

01. Those having a pre-existing dry eye disease

02. Those with ocular surface pathologies such as
meibomian gland disease, pinguecula, or
pterygium

03. Those having a history of ocular trauma or
refractive surgery

04. Those using any eye drops or ointments
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The questions of dry eye symptoms had 4 possible
responses “never”, “sometimes”, “often” and
“always”. Subjects who responded to more than 2 of
the questions by “always” or “often” were
considered positive for symptoms of DED. The mean
of all the points was the dry eye disease score.
(DED score) [13].

Clinical Evaluation: It consisted of a
comprehensive eye examination on slit-lamp, and
evaluation of tear film parameters such as
Schirmer’s test, Tear film break-up time, tear
meniscus height, and corneal surface staining. All
the clinical measurements were carried out in a
single, non-air-conditioned room with constant
temperature and humidity.

Tear film quantity was tested by Schirmer’s test.
(Non-invasive superficial procedure) It was
performed with the help of a 5x35mm strip of the
Whatman-41 filter paper. The strip was folded 5mm
from one end and kept in the lower fornix of both
eyes at the junction of lateral one-third and medial
two-thirds. After 5 minutes, the strips were
removed and the length of filter paper wetted was
noted in mm. Tear film stability was assessed by the
Tear film breakup time (TBUT). The patient was
seated on a slit lamp and the eye was stained with
fluorescein dye strip. The patient was asked to blink
2-3 times and then instructed to look straight ahead
without blinking. The interval between the last blink
and the appearance of the first corneal dark spot
was measured in seconds. The tear meniscus height
(TMH) was measured at the slit lamp (Haag Streit
model) with a narrow vertical beam of light of 0.3
and 1.0mm from the lower lid margin to the top of
the tear meniscus. Keratoepitheliopathy was
measured by multiplying the area score by density
score after staining with 0.5% fluorescein dye. The
staining area was graded on a numerical scale of 0–
3, with 0 representing no punctate staining; 1, less
than one-third; 2, one-third to two-thirds; and 3,
more than two-thirds. The staining density was
graded on a numerical scale of 0–3, with 0
representing no punctate staining; 1, sparse
density; 2, moderate density; and 3, high density
with overlapping lesions.

Diagnosis and scoring of dry eye disease: The
presence of DED was diagnosed based on the
criteria defined by the Dry Eye Society in 2006 [14].
These criteria include the presence of (1) dry eye
symptoms, (2) qualitative or quantitative
abnormalities of the tear film in one or both eyes
(Schirmer's test results of ≤5 mm or TBUT of ≤5

Seconds); and (3) conjunctivocorneal epithelial
damage (total staining score of ≥ 3 out of 9 points).
Participants meeting all the criteria were considered
to have definite DED, and those meeting 2 criteria in
one or both eyes had probable DED; the presence of
1 or absence of any criterion indicated no DED.
Participants with definite and probable DED were
classified into the DED group.

History of the presence and type of refractive error
was elicited. Those wearing spectacles were asked
about the type of spectacle coating. The brightness
setting used by the participants and the type of
screen guard used on the mobile phone was
determined.

Data Analysis: The data were analyzed with the
SPSS software (version 21, SPSS Inc., Chicago, I.L.)
Continuous variables were compared using
Student’s t-test, and non-continuous variables were
compared by the chi-square test. p values of < 0.05
were considered significant.

Results
This study included 394 medical students, 160
males (40.75%) and 234 females 59.24%, aged
between 17-25 years, the mean age was
20.75years. Based on the previously defined criteria
(see Materials and methods) for dry eye disease
(DED) 25 participants were found to have definite
DED (0.063%) and 57 (0.14%) had probable DED,
thus a total of 82 (20.81%) were in the DED group
and the remaining 312 (79.18%) were in the non-
DED group.

The prevalence of DED was found to be 20.81%.
There was no statistical difference in the prevalence
of DED in males and females. The comparison of
both groups in terms of their demographic profile
and tear film parameters is shown in Table 1.

Table-1: Demographics and Tear Film
parameters of DED and non-DED group.

 DED group Non-DED group p-value

Sex n (%) Males 24 (15%) 136 (85%) 0.022**

Females 58 (24.78%) 176 (75.21%)

Schirmer’s Test (mm) Mean±SD 15.76±9.00 19.95±7.81 <0.0002†

TBUT (sec) Mean±SD 5.621±2.88 8.544±2.79 <0.0001†

TMH (mm) Mean±SD 0.178±0.075 0.313±0.11 <0.0001†

Mean DED score± SD 1.56±0.234 1.35±0.248 0.0001†

⃰Fisher exact test, † Independent t-test, ‡ TBUT (tear
film break-up time), TMH (tear meniscus height),
DED (dry eye disease)
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The mean Schirmer’s score was 19.08mm±8.24.
95.6% (376) participants had a Schirmer’s score of
more than 5mm. The mean TBUT was 7.93 ± 3.05
and 71.06% (279) had a TBUT>5mm. In 62.18%
(244) subjects the tear meniscus height was
>0.3mm, the average TMH was 0.28±0.12mm.

The mean values of all the three tear film
parameters were lower in the DED group compared
to the non-DED group and the difference was
statistically significant as inferred by the student’s t-
test.

Table 2 shows the relative frequency of symptoms
of computer vision syndrome (CVS) among the DED
and non-DED groups. Fatigue was the most
common symptom in the DED group (64.4%)while
heaviness was the most commonly reported
symptom in the non-DED group (44.5%).

The frequency of fatigue (64.4% vs. 44.55% , p
0.0012) watering (56.09% vs.37.82%,p 0.0036),
blurring (57.3% vs. 36.21%, p 0.0006), dryness
(30.48% vs. 15.7%, p=0.0039) and photophobia
(57.31% vs. 39.74% p =0.0056) were significantly
higher in the DED group as compared to the non
DED. However, the reported frequency of redness,
grittiness, and heaviness was not significantly
different in the two groups. The average DED score
was higher in the DED group(1.56±0.234) than in
the non-DED group it was (1.35±0.248), with a p-
value of 0.0001.

Table-2: Comparison of Frequency of
Symptoms of CVS in the DED and non-DED
group.

Symptoms

N(%)

DED group

N=82(%)

Non DED group

N=312(%)

p

value*

Fatigue 53 (64.4) 139 (44.55) 0.0012

Blurring 47 (57.3) 113 (36.21) 0.0006

Watering 46 (56.09) 118 (37.82) 0.0036

Redness 29 (35.36) 84 (26.92) 0.134

Dryness 25 (30.48) 49 (15.70) 0.0039

Grittiness 14 (17.07) 62 (19.87) 0.639

Heaviness 50 (60.93) 141 (45.12) 0.129

Photophobia 47 (57.31) 124 (39.74) 0.0056

⃰ Fisher’s exact test, †  CVS (computer vision
syndrome)

The mean daily usage of smartphones in hours per
day was 3.58±1.186. The mean duration of usage in
years was 3.195±0.78, ranging from 1-6 years.
Table 3 shows the comparison between the DED and
non-DED groups in terms of daily usage in hours
and duration of usage in years.

The mean duration of usage in years (3.39±0.64 in
DED vs. 3.144±0.806 in non-DED, p=0.01) was
higher in the DED group, while the difference in the
mean daily duration of use in hours was not
statistically significant.

Table-3: Comparison of Average Duration in
Years and Daily Usage in Hours in DED and
non-DED groups.

 DED group Non-DED group p*

n 82 n 312

Duration of use in years Mean±SD 3.39±0.64 3.144±0.806 0.0109

Daily Usage (hours/day) Mean±SD 3.73±1.197 3.551±1.182 0.2243

⃰unpaired t-test

Table 4 shows increasing prevalence rates and odds
ratios (OR) of CVS symptoms with increasing daily
exposure to a smartphone in hours (by logistic
regression analysis). A p-value of <0.05 was
considered significant. It was seen that students
who used smartphones for more than three hours
per day had a higher risk of symptoms of heaviness
(OR 2.042, p=0.0005), blurring (OR 1.96, p=
0.0013), fatigue (OR 1.55,p= 0.03), dryness (OR
1.708, p=0.039), and photophobia(OR 1.72,
p=0.01) than those who used it for less than 3
hours per day. The odds ratios for the other
symptoms of CVS were not statistically significant.

Table-4: Effect of Daily Duration of
smartphone usage on the frequency of
symptoms.
Symptoms More than 3

hours/day n=

173

Less than 3

hours/day n=

221

Odds

ratio*

p

value†

CI‡

Fatigue 95 97 1.55 0.030 1.043-

2.324

Blurring 86 74 1.96 0.0013 1.305-

2.955

Watering 80 84 1.403 0.1223 0.936-

2.101

Redness 56 57 1.377 0.178 0.88-

2.135

Dryness 41 34 1.708 0.0394 1.030-

2.835

Grittiness 36 41 1.154 0.609 0.699-

1.902

Grittiness 36 41 1.154 0.609 0.699-

1.902

Heaviness 101 90 2.042 0.0005 1.363-

3.059

Photophobia 88 83 1.72 0.0104 1.149-

2.578
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⃰Odds ratios calculated by univariate logistic
regression analysis, ‡ 95% confidence intervals,
†p<0.05 considered significant

Similarly, the association between duration of use in
years and CVS symptoms was studied (Table 5). It
was found that only heaviness (OR 1.66 p=0.015)
was significantly associated with usage of more than
3 years while blurring, watering, and grittiness (OR
1.30,1.24, 1.247 respectively) had higher odds but
were not statistically significant.

Table-5: Effect of Duration of usage in years
on CVS symptoms.
Symptoms More than 3

years N= 216

Less than 3

years N=178

Odds

Ratio*

p

value†

CI‡

Fatigue 102 90 0.87 0.544 0.588-

1.301

Blurring 94 66 1.30 0.216 0.871-

1.963

Watering 95 69 1.24 0.306 0.828-

1.858

Redness 58 56 0.806 0.372 0.521-

1.247

Dryness 33 41 0.602 0.052 0.362-

1.003

Grittiness 45 31 1.247 0.442 0.750-

2.07

Heaviness 117 74 1.66 0.015 1.113-

2.48

Photophobia 92 79 0.929 0.759 0.623-

1.387

⃰Odds ratios calculated by univariate linear
regression analysis,†  p-value of < 0.05 considered
significant, ‡Confidence intervals 95%

Refractive errors were present in 247 (62.69%)
students, out of which 176 (71.25%) were using
spectacles. 71 wore spectacles with a special
coating, while 105 wore plain spectacles without any
coating and 5 were not aware of any coating. The
effect of different types of spectacle coating on the
mean DED score is shown in table 6. One way
Anova showed a significant difference in the mean
DED scores among different groups, especially a
comparison between group 2 (blue cut coating) and
group 4 (no coating) showed a significantly lower
mean DED score in group 2 with p< 0.05 and a q
value of 4.083.

Table-6: Effect of the type of special coating on
spectacles on the average DED score.

Coating type Number Average DED symptom score p*

ARC 33 1.409±0.288 0.0317

Blue cut 15 1.216±0.223  

UV 18 1.458±0.246  

No Coating 105 1.422±0.260  

⃰One way ANOVA with post-test. The comparison
between groups 2 and 4 revealed p<0.05, with a q
value of 4.083. † ARC(anti-reflection coating), UV
(ultraviolet)

The effect of smartphone screen brightness on the
DED score is shown in Table 7. The mean DED score
in group 1 (<50% screen brightness) was lower
than the other 2 groups, and the difference between
group 1 and group 3 (automatic brightness setting)
was extremely significant statistically with a
p<0.001.

Table-7: Effect of screen brightness on the
average DED symptom score.

Screen

Brightness

level

Number of

participants

Average DED symptom

score Mean±SD

p*

<50% 237 1.357±0.255 <0.0001

>50% 43 1.404±0.269  

Automatic 109 1.485±0.248  

Not aware 5   

⃰One way Anova with post-test, comparison between
group 1 and 3 is extremely significant with p<0.001

Table 8 shows the effect of protective screen guard
against blue light (anti-blue light screen guard), the
22 smartphone users that had anti-blue light screen
guard had significantly lower mean DED scores than
those who used plain screen guard or anti UV
screen guard ( p< 0.0198, by one way Anova).

Table-8: Effect of the type of Screen Guard on
the Average DED symptom score.

Type of screen

protector

Number of

users

DED symptom score

(Mean±SD)

p*

Anti-blue 22 1.289±0.222 0.0198

Anti-glare 127 1.370±0.253  

Plain 210 1.427±0.268  

Not aware 35 1.416±0.263  

*One-way Anova, comparison between group1 and
3 is significant p<0.05

Discussion
The current study aimed to estimate the prevalence
of dry eye and its correlation with the duration of
smartphone exposure in hours and years and thus
fill the gap in our knowledge about this aspect of
smartphone use and ocular health.
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It was found the prevalence of dry eye disease in
smartphones using college students to be 20.8%.
DED (dry eye disease) was defined based on
asthenopia symptoms and tear film parameters
(Schirmer's test, Tear film break up time, Tear
meniscus height, and corneal staining). Various
previous studies carried out with different
populations have used different diagnostic criteria
and thus come up with different prevalence rates.
Ayman et al reported a prevalence of 49.4% which
was based on only subjective symptoms assessed
by questionnaire [15]. A similar study conducted by
Bukhari et al in the same region had reported a
much higher prevalence of 93.2%, which was based
on clinical parameters plus reported symptoms, but
the study population was different, consisting of all
age groups, including the elderly [16]. A Korean
Study by Jun Moon et al on the smartphone-using
pediatric population found a rate of 6.6% [17]. As
pointed out earlier, our literature search revealed
numerous studies on digital display terminals and
computer use on DED but specific literature on
smartphone-related DED and CVS is sparse. There
are especially no Indian studies to compare with.

The ocular symptoms of CVS (computer vision
syndrome) are grouped as asthenopia. Studies have
reported that 60-90% of people working on
computers develop asthenopia [18]. The same
observation was made by us in this study, it was
that found greater DED scores and lower values of
tear film parameters in the DED group, as compared
to the non-DED group. Tear film abnormalities
concerning DED have been reported by various
studies [19-22]. There are several factors at work
that lead to more severe asthenopic symptoms from
using the smartphone than the computer screen [6-
8]. The smaller screen size coupled with the shorter
viewing distance of about 35cm for smartphones, as
compared to the normal reading distance of 40cm,
requires greater accommodative effort by the ciliary
muscles and thus gives rise to eye strain [23].
Another factor is the reduced blink rate reported
with the use of any digital visual device such as
smartphones, tablets, computer screens, and
electronic book readers. This leads to greater
evaporation of the tear film and symptoms of
dryness and grittiness [24]. The third factor which
has been recently studied and found to be of
increasing importance in the etiology of
smartphone-related dry eye and asthenopia is the
blue light emitted by the LED (light-emitting diode)
display. This light has a peak emission wavelength
of 400-490nm, which is in the blue range [25].

This light is known to cause several adverse effects
on the cornea and retina by increasing oxidative and
phototoxic damage [9,26,27]. This could explain the
increase in ocular symptoms such as blurring,
redness, visual disturbance, and watering on
exposure to a smartphone. Additionally, blue light
has a damaging effect on the retina and disrupts the
melatonin cycle, thus interfering with sleep [28].
The severity of symptoms of CVS also depends on
the duration of exposure [29,30]. It was found that
higher prevalence and odds ratios of fatigue,
heaviness, blurring, photophobia, and dryness in
students who used smartphones for more than 3
hours a day. The time spent daily on the
smartphone by young people especially has been
increasing to dangerously high levels [8,31]. The
impact of blue-blocking lenses in spectacles on
visual fatigue experienced by digital device users
have been explored by several authors [32,33]. It is
reported that blue-blocking lenses reduce CVS
symptoms after computer tasks [34]. Similar
findings were noted in the current study. However,
the awareness of blue light-induced ocular damage
and the availability of lens coatings and screen
filters was found to be low among the present study
population as shown in Figures 1 and 2. Similar
findings were reported by Sanodia et al [35].

Fig-1: Types of protective coatings used by the
participants wearing glasses.

Fig-2: Types of screen protectors used on the
smartphone screen.

 

Faruqui S. et al: A study of the correlation between smartphone usage

Tropical Journal of Ophthalmology and Otolaryngology 2020;5(7) 179



Presently there are not many studies exploring the
effect of phone screen brightness on the asthenopic
symptoms and tear film parameters. However,
experts believe that the ideal screen brightness
depends on the ambient light. As a simple rule, the
brightness of our gadget should be equivalent to the
light surrounding us, such that both the lights'
radiance is similar. By doing so, they will blend in,
causing the least damage to our eyes.

The current study evaluated the effect of different
screen-brightness levels on the DED scores and
concluded that <50% setting was the most
comfortable, with the lowest DED scores. Many
kinds of screen guards or protectors are available,
meant to be applied over the smart-phone screen
for physical protection from scratches and cracks as
well as to curb the reflective nature of the screen to
limit the glare on eyes. There is no clinical data on
the efficacy of any particular type of screen guard in
ameliorating symptoms of eye strain. The present
study found significantly lower DED scores in the
few users who chose anti-blue screen filters.

limitations
Due to the Questionnaire format of data collection,
the information gathered could suffer from recall
and information bias. Also because the current
study population is comprised of medical students
from a single institute, there could be selection bias,
as the prevalence of CVS and DED may vary with
the curriculum and environmental and regional
factors.

What does the study add to the
existing knowledge
The current study included large sample size and
after removing the confounding factors, the current
study tried to estimate not only the prevalence of
DED but also its association with the duration of
exposure. This study has sought answers to thus far
unexplored questions about the usefulness of blue
light filtering screens and the optimal screen
brightness on ocular health.

Conclusion
This study shows that smartphone use increases the
symptoms of CVS and DED, even more than
computer work and that the duration of exposure
plays an important role in the severity of these
symptoms.

There is a need to increase awareness about the
ergonomic factors such as taking frequent breaks,
choosing optimal screen brightness, and use of blue
light cutting screens and apps to promote better
ocular health.
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