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Abstract

Background: The purpose of the present study is to compare central and peripheral refraction among children of 4-6 year-old user
and non-user of smartphones and /or other electronic screens.

Methods: In this cross-sectional study, 106 children aged 4-6 years were enrolled in two groups of user (56 children: 34 boys and 22
girls) and non-user (50 children: 30 girls and 20 boys) of smartphones and /or other electronic screens.
The user group used smartphones and /or other electronic screens for 1-3 hours a day for at least one year and non-user group either did
not use these screens or used less than half an hour occasionally and not every day.
All children had visual acuity of at least 20/20 with or without correction and showed no other ocular or systemic diseases. Both groups
were evaluated for central refraction and peripheral refraction up to 20° eccentricity in nasal and temporal directions and up to 10°
eccentricity in superior direction using the Shin-Nippon K5001 autorefractometer. The outcome measures were compared with SPSS
statistical software.

Results: The findings showed no statistically significant difference in terms of central and peripheral refraction in superior, nasal and
temporal eccentricities between the user and non-user groups (p>0.05).

Conclusion: According to the results of the present study, it concludes that using smartphones and/or other electronic screens for 1-3

hours a day shows no effect on central and peripheral refraction in children with low range of refractive errors.
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Introduction

Nowadays, the use of smartphones and/or other
electronic screens has increased among all age groups
especially children (1). In addition, children spend a lot of
time using electronic screens to perform a variety of
computer games and educational programs (2). In this
regard, one of the main questions of parents when
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referring to optometry clinics is the adverse effects of
using electronic screens as a risk factor for the
development and health of the children's eyes.

The children's visual system is evolving gradually
according to visual inputs. This evolution is influenced by
the eyes visual pathways health, and environmental

tWhat is “already known” in this topic:

There is a controversy about refraction in users of smartphones
and/or other electronic screens. In some studies, no evidence has
been found about a correlation between relative peripheral
hyperopic defocus and change in refractive errors.

— What this article adds:

Using smartphones and/or other electronic screens for 1-3 hours
per day shows no effect on central and peripheral refraction in
children with low range of refractive errors.
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conditions (3).

Previous studies (4-5) have shown that the screen’s
distance (usually smartphones or tablets) from the
children's eyes is lower than that of adults, so the children
need more convergence and accommodation efforts to use
such screens. This excessive convergence and
accommodation in some conditions can cause symptoms
such as increased blinking, headache, transient diplopia,
and dizziness (6). In many studies, the prolonged near work
and accommodative performance in this condition are
considered as one of the primary environmental risk factors
in the development and progression of transient myopia,
which can sometimes be permanent and sustained by
increasing the axial length of the eye (7-9). However, in
some studies, it has been pointed out that prolonged near
work has a slight effect on refractive error changes, which
can be prevented by interruptions during near work (10).

Another issue that has been reported in relation to near
work and the onset and progression of refractive errors,
especially myopia is relative peripheral hyperopic defocus
during near work so that visual signals from the peripheral
retina can have a significant impact on emmetropization at
the fovea and possibly the genesis of common refractive
errors, especially myopia (3,11,12).

In contrast, in some studies, no evidence has been found
about a correlation between relative peripheral hyperopic
defocus and change in refractive errors (13-15).

Among previous studies, there was no study on the
relationship between peripheral refraction of children and
using smartphones and/or other electronic screens. In
addition, there is little and contradictory information about
the details of the permanent effects of using these screens
on the children's eyes.

Therefore, the purpose of this study is to compare the
central and peripheral refraction between the children users
and non-users of smartphones and/or other electronic
screens to provide background information on differences
in the central and peripheral refraction between the two
groups.

Methods

In this study, children between the ages of four and six
were selected by available non-randomized sampling based
on the inclusive criteria from some kindergartens. The
study was approved by the Ethics Committee of the Iran
University of Medical Sciences, Tehran, Iran and followed
the tenets of the Declaration of Helsinki. Written informed
consent was obtained from at least one parent of the
subjects after they received an explanation of the nature of
the study.

All subjects underwent a detailed ophthalmic
examination, including Slit lamp biomicroscope (Nidek
model, Gamagori, Japan) and direct ophthalmoscope
(Heine Beta200, Herrsching, Germany) to evaluate the
anterior and posterior segments of the eye.

Subjects with best-corrected visual acuity of less than
20/20, media opacity, evidence or history of any ocular
diseases, any history of ocular surgery, manifest deviation
(tropia), amblyopia and abnormal eye movement including
nystagmus, were excluded from the study.
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The refraction was done without using cycloplegic agents
as suggested in previous reports (16) to find the natural
amounts of astigmatism and what the subjects encounter
with natural pupil size in everyday life. The spherical
equivalent (SE) values were used for comparing refraction
between two groups. SE of -0.50 to +0.50 D with visual
acuity 20/20 was considered as emmetropic subject as some
previous studies applied (15-17).

In addition, since subjects in this study had normal
vision with or without correction and selected with no
pathological and functional disorders, thus hyperopic
subjects were with SE of +0.50 to +2.25 D and myopic
subjects with SE of -0.50 to -1.50 D.

These children were divided into two groups according
to the duration of using smartphones and/or other electronic
screens as a near work (Such as types of tablet or laptop ....)
which parents were asked about. The first group consisted
of 56 children (with mean age of 5.57+0.16 years) who used
smartphones and /or other electronic screens for 1-3 hours
per day for at least one year and the second group consisted
of 50 children (with a mean age of 5.30+0.10 years) who
either did not use these screens or used less than half an
hour occasionally and not every day.

First, the uncorrected visual acuity was measured with a
Snellen E chart (LED visual chart projector, LC-13,
MEDIZ Inc. City, Korea) at a distance of 6 meters. Then,
the noncycloplegic central and peripheral refraction
measurements of the refractive errors and its type were
determined by the NVision-K 5001 autorefractor (Shin-
Nippon, Tokyo, Japan) whose reliability was confirmed by
aprevious study (18). These measurements were performed
at the fovea and up to 20° eccentricity in the horizontal
(nasal and temporal) and up to 10° eccentricity in the
vertical (just superior) meridian according to the
environmental targets designed for these measurements. In
this way, small LED lamps were placed at a distance of two
meters from the apex of the cornea as fixed targets that were
illuminated individually. Measurements were repeated five
times for reliability, and the average was considered.

Intraclass Correlation Coefficient (ICC) values were
calculated separately for central and peripheral refraction
and were between 0.89 and 1.00, thus, the reliability of the
tests was confirmed.

Statistical analysis

In order to compare the refraction results of the
autorefractometer, the values were converted to vector
format (19), by representing the sphere (S), cylinder (C),
and axis (0) as the mean spherical equivalent (SE), 180° to
90° astigmatism Jo and 45° to 135° astigmatism Jss
components based on the following equations:

SE= S+C/2

Jo=-C/2 Cos (260)

J4s=-C/2 Sin (20)

In addition, the Relative Peripheral Refraction (RPR)
component was derived from the relative difference
between the spherical equivalent refraction (SE) of the
central and peripheral refraction.

Statistical analyses were performed using SPSS 22.0



(SPSS Inc., Chicago, IL, USA) for Microsoft Windows.
Independent sample t-test for normally distributed data and
nonparametric Mann-Whitney tests were used when the
data do not approximate a normal distribution in order to
identify significant differences between user and non-user
groups. The level of significance was set at P < 0.05.

According to the objectives of the study, the sample size
was calculated for central and peripheral refraction
separately. The larger sample size was related to the central
refraction in the user and non-user children that was used
as the sample size applying the following formula:

2
(Zl_a/z + ZI_B) o2
(uy — pp)?

In this formula, the confidence level (1 — ) of 95% and
the test power (1 — ) of 80% were considered.

A comprehensive search was carried out in in the
literature to obtain values of mean and standard deviation
but there was no result. Thus, a pilot study was arranged on
30 children and with these findings and considering 10
percent for data loss, finally, sample size was calculated at
least 49 subjects.

Results

In the present study, the central and peripheral refraction
of 106 children aged 4-6 years (52 F, 54 M) were analyzed.
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There was a significant difference in the gender of the
children in the two groups, so that from the total number of
52 girls and 54 boys, the number of boys was 34 (60.7%)
in the user group and 20 (40.3%) in the non-user group and
the number of girls was 22 (39.3%) in the user group and
30(59.7%) in the non-user group. In other words, boys used
electronic screens more than girls.

In this study, there was no significant difference in the
central refraction components of spherical power,
equivalent sphere, Jo and J4s values between the two user
and non-user groups (Table 1).

Also, regarding to peripheral refraction components
(spherical power, equivalent sphere, Jo and J4s values), no
significant difference was found between the two groups in
all three eccentricity directions of temporal, nasal, and
superior (Table 2).

Among these subjects, 60 children (33 in the user group
and 27 in the non-user group) were emmetropic that had a
statistically significant myopic shift in RPR (P<0.05). Of
these subjects 33 children (20 children in the user group and
13 children in the non-user group) were hyperopic with a
statistically significant myopic shift in RPR (P<0.05) and
13 children (9 in the user group and 4 in the non-user group)
with myopic central refraction had a mean statistically
significant hyperopic shift in RPR (P<0.05). However,
there was no significant difference between the user and
non-user groups in the comparison of the peripheral shifts
of superior, nasal and temporal eccentricities in all

Table 1. Comparing central refraction components between users and non-users of smartphones and/or other electronic screens (S: spherical
power, SE: spherical equivalent, Jo: 180° to 90° astigmatism and Jus. 45° to 135° astigmatism)

Components User Non-user P
(Mean£SD) (Mean£SD)

S 0.53+0.11 0.58+0.12 0.79

Jo 0.004+0.03 0.001+0.03 0.89

Jus 0.06+0.05 0.11+0.04 0.45

SE 0.25+0.10 0.24+0.12 0.97

Table 2. Comparing Peripheral refraction components between users and non-users of smartphones and/or other electronic screens (S: spheri-
cal power, SE: spherical equivalent, Jo: 180° to 90° astigmatism and Jus. 45° to 135° astigmatism)

Components Eccentricity User Non-user P
(Mean+SD) (Mean+SD)

S Temporal 0.14+0.097 0.15+0.105 0.97
Nasal 0.28+0.102 0.30+0.097 0.87
Superior 0.32+0.116 0.20+0.094 0.43
Jo Temporal 0.01+0.041 0.06+0.040 0.42
Nasal 0.05+0.029 0.04+0.039 0.90
Superior -0.04+0.038 -0.04+0.037 0.97
Jas Temporal 0.13+0.048 0.07+0.059 0.43
Nasal 0.07+0.037 0.07+0.044 0.93
Superior 0.15+0.049 0.05+0.059 0.23
SE Temporal -0.29+0.117 -0.28+0.104 0.99
Nasal -0.03+0.101 -0.05+0.103 0.89

Table 3. Comparing RPR (Relative peripheral refraction) shifts between users and non-users of smartphones and/or other electronic screens

User Non-user

Refraction RPR shifts Number (Mean+SD) Number (Mean=SD) P-Value
Temporal -0.43+0.53 -0.33+0.56 0.49
Nasal -0.21£0.24 -0.28+0.48 0.57
Emmetropia Superior 27 -0.36+-0.34 33 -0.33£0.55 0.75
Temporal -0.76+0.76 -0.96+0.91 0.51
Nasal -0.63+0.49 -0.42+0.41 0.52
Hyperopia Superior 20 -0.47+0.59 13 -0.82+0.69 0.20
Temporal 0.03+0.42 0.02+0.39 0.42
Nasal 0.31+0.72 0.06+0.16 0.83
Myopia Superior 9 0.08+0.57 4 0.04+0.53 1.00
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emmetropic, hyperopic and myopic subjects (0.20<P<1.00)
(Table 3).

Discussion

The present study was designed to compare central and
peripheral refraction between two groups of children,
namely users and non-users of smartphones and/or other
electronic screens. Given the importance of the
development of the visual system under the age of 6 years
and the lack of a similar study, we hope that the present
study can answer some questions in this field and fill the
existing gap in the relevant sciences.

As mentioned in the findings, no significant difference
was observed in the central refraction (spherical power,
equivalent sphere, Joand J4s5) between the two user and non-
user groups. Although the number of myopic subjects in the
user group was nine (16%) and four (8%) in the non-user
group, there was no significant difference in terms of the
mean refractive errors between the two groups.

In some studies, near work has been introduced as one of
the primary environmental risk factors in the onset or
progression of transient myopia, which can sometimes be
permanent (7-9). In return, another study has suggested that
long-term near work has little effect on refractive error
changes, which can be prevented by resting and
interrupting the near work (1 0). In addition, some studies
concluded individual habits in near work are more effective
than accommodation stimulus in the onset and progression
of myopia (20, 21). Also in the present study, there was no
evidence denoting the use of the smartphones and/or other
electronic screens as a near work can cause or increase the
myopia in user children.

Another subject that was evaluated in the present study
was peripheral refraction (spherical power, equivalent
sphere, Jo and J4s) and RPR shifts. The results of the tests
showed no statistically significant difference between the
two groups in terms of peripheral refraction and RPR shifts
in all eccentricities of nasal, temporal and superior. The
mean RPR shifts in emmetropic and hyperopic subjects for
both user and non-user groups in all three directions
(temporal, nasal, and superior) were myopic, whereas, for
myopic subjects the mean shifts were hyperopic but was not
observed statistically significant difference between the
user and non-user groups.

These findings were consistent with previous studies in
terms of an association between peripheral refraction,
central refraction and the shape of the child's eyes. The
previous reports (22, 23) indicate that myopes tend to have
relative peripheral hyperopia and prolate ocular shape (a
larger axial length compared with equatorial diameter),
whereas hyperopes and emmetropes have relative
peripheral myopia and an oblate shape (a larger equatorial
diameter compared with axial length) but the amount of
myopic shift in emmetropes was less than that of hyperopes
and show little difference between the central and
peripheral spherical equivalent refractive error. In the
present study, also, peripheral shifts were like what
reported in the related literature, so that myopic subjects
showed hyperopic shift and the subjects with emmetropia
and hyperopia showed myopic shifts.
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The importance of evaluating the peripheral refraction
for the users and non-users of electronic screens as a near
work was due to previously reported that it has been
concluded the peripheral hyperopic defocus to be present
before the development of myopia in a school children's
population (24). Some studies have concluded that the
presence of peripheral hyperopia will promote myopic
progression and increase the severity of myopia (11,12,25).
So that the eye grew at an accelerated rate as long as
hyperopic defocus was present and the elongation would
continue until it had compensated for the defocus imposed
by the lens and finally causing the eye to become myopic
3).

In contrast to the above studies regarding RPR, in some
other studies conducted on children and adults, no evidence
has been found to predict refractive error changes through
evaluation of peripheral refraction or RPR values (13, 14).
Other research has shown that hyperopic defocus due to a
high lag of accommodation during near work is a cause of
myopia progression in humans during near work (26),
whereas other studies suggest that, the lag of
accommodation is a concomitant with myopia and not a
cause of myopia (27).

As a result, it is reported that long-term accommodation
for near work causes the shape of the eye to change from
oblate to prolate and to become more hyperopic in the
peripheral part. This effect, however, is transient and after
a long period of time, the eye decreases its prolate. This is
likely to be due to the property of hysteresis of the choroid
(28).

In the present study, the findings similarly showed no
changes in central and peripheral refraction and RPR due
to electronic screens using as a near work activity. Of
course, the subjects in the present study were visually
normal subjects and the range of refractive states were
emmetropic or low amounts of refractive errors (-1.50<
SE< +2.25).

In addition, considering previous studies, it looks like
that more factors such as the state of focus and intervals
between near works can interfere with the onset or
progression of myopia due to the use of electronic screens
at near and calling for further investigation.

As the present study contribution, the long-term
evaluations were considered in children who had used these
screens for at least one year. The most previous studies (29,
30) which reported increasing myopia due to near work
their measurements were done immediately after near work
and without enough time to return temporary changes in the
eye, whereas in the present study, the measurements were
done in children who use electronic screens regularly for at
least one year and not exactly after using the device.

The negative outcome in this study is likely to be due to
the characteristics of participated children such as
refractive state, the state of focus and intervals between
near works in this study. It is probably necessary to study
the effect of using these devices in subjects with moderate
and large amounts of refractive errors and consider the state
of focus and intervals between near works.



SM. Hosseini, et al.

Conclusion

According to the findings of the present study, using of
smartphones and/or other electronic screens for 1-3 hours a
day in children with low range of refractive errors causes
no change in central and peripheral refraction compared to
those who did not use these devices.
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