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Objective: This study aims to investigate the correlation of dominant eye and refractive
error between monozygotic twins.

Methods: The data of dominant eye and refractive error of 13 pairs of monozygotic twins
who were treated at the Optometry Clinic were collected. The paired chi-square test and
Kappa consistency test were used to analyze the data of dominant eye between monozygotic
twins, while the paired ¢ test and Pearson correlation analysis were adopted to analyze the
refractive error data. SPSS version 22.0 software was used to analyze the above statistics.
Results: In the Kappa consistency test of dominant eye between monozygotic twins, Kappa
value = 0.451, p = 0.052, p>0.05, and in the paired chi-square test, p = 0.250. In the spherical
equivalent paired ¢ test for the right eye of monozygotic twins, t = 1.491 and p = 0.162, while
in the spherical equivalent paired ¢ test for the left eye, t = 0.753 and p = 0.466. In the
spherical equivalent correlation analysis of monozygotic twins, for the spherical equivalent
refraction of the right eye, the Pearson correlation results were r = 0.901 and p = 0.00, and
for the spherical equivalent refraction of the left eye, the Pearson correlation results were r =
0.971 and p = 0.00.

Conclusion: The difference in the chi-square test of dominant eye is not statistically
significant between monozygotic twins, but dominant eye and refractive error are correlated
to some extent. It is suggested that heredity may be the main determinant of the dominant
eye. There is no difference in refractive error between identical twins which are highly
correlated, however.

Keywords: refractive error, dominant eye, monozygotic twins/identical twins, heredity,
genes

Introduction

The optical properties of the eye are determined by several factors, including
corneal curvature (CC), anterior chamber depth (ACD), refractive power of lens,
and axial length (AL). Refractive error can be broadly defined as an optical state.’
The incidence of refractive error is rising rapidly, especially in urban areas of
Southeast Asia.”? Therefore, refractive error is listed by the Global Initiative as
one of the top five eye diseases to be eliminated by 2020.* Many studies have
shown that myopia is a complex ophthalmopathy with both genetic and environ-
mental factors.”’ In epidemiological studies, close working is consistently identi-
fied as a major environmental factor for myopia.® In addition, the genetic factors of
refractive error have been confirmed. The risk of myopia in children with near-
sighted parents is greater than that in children with non-nearsighted parents. In

recent years, a large number of twin-based studies have shown that genetic factors
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are associated with refractive error.” ' Dominant eye is
also known as ocular dominance, leading eye, and master
eye. It is divided into right dominant eye, denoted as right
type (R type), and left dominant eye, denoted as left type
(L type). Most dominant eyes are genetically determined
or formed in childhood, which is relatively difficult to
reverse.

Many studies have shown that different nationalities
have different ratios of dominant eye. The right dominant
eye has a higher probability of distribution in the popula-
tion than the left dominant eye, which has a significant
difference. Most of the previous dominant eye studies
focused on the correlation of myopia, astigmatism, depth
perception and pupil size to study the relationship of the
dominant eye in anisometropia, as well as the changes of
the dominant eye before and after the correction of refrac-
tive error and refractive surgery.'*'® In China, Wu found
that the consistency of refractive state is very high in
monozygotic twins.!” The twin method carries out
a comparison based on the internal correlation between
identical twins and non-identical twins with genetic simi-
larity. They have the same genes. Compared with non-
identical twins, identical twins have a higher internal cor-
relation. A total of 13 pairs of identical twins who were
treated in the Outpatient Department of the Optometry
Center of our hospital in recent years were enrolled in
this study. Through the measurement of refractive error
degree and the detection of dominant eye between twins,
the correlation of dominant eye and refractive error
between identical twins was analyzed.

Materials and Methods

General Data

The data on the degree of dominant eye and refractive
error of 13 pairs of identical twins who were treated at the
Outpatient Department of the Optometry Center of the Eye
Hospital of WMU in recent years were collected. The
subjects included 4 pairs (n = 8) of male twins and 9
pairs (n = 18) of female twins. The overall age range
was 10-32 years, with a mean age of 14.08 £+ 5.69 years.
Inclusion criteria: (1) corrected visual acuity >1.0; and (2)
clear refracting media. Exclusion criteria: (1) systemic and
severe congenital diseases, such as hypertension, diabetes,
and heart disease; (2) organic eye lesions, including catar-
acts, strabismus, and fundus lesions; and 3) a history of
major ocular trauma and a history of internal and external

eye surgery.

Examination Methods

All the twins were required to undergo an ocular physical
examination, including corrected visual acuity, slit-lamp
anterior segment examination, and direct fundus examina-
tion, and subjects who did not meet the inclusion criteria
were excluded. The dominant eyes of 13 pairs of twins (n
= 26) were measured by the card-hole method and
recorded. Based on computer optometry, the subjective
refraction was carried out by using a comprehensive
refractometer. The prescription for glasses was obtained
by trying on. The prescription for glasses was used as the
degree of refractive error for the analysis between twins.

Data Grouping

The degree of refractive error of the right eye vs the right eye
and the left eye vs the left eye was discussed in groups between
twins. The dominant eye was analyzed between twins.

Statistical Analyses

SPSS version 22.0 software was used for the analyses. The
paired chi-square test and the Kappa consistency test were
used to analyze the data of dominant eye between different
twins. The refractive error data were analyzed by using the
paired ¢ test and Pearson correlation. All the statistical
results were considered to be statistically significant
(p<0.05).

Results
Paired t test for Spherical Refractive

Error in Twins

Results of the paired ¢ test for spherical refractive error in
the right eye were t = 1.414, p = 0.183, and those for
spherical refractive error in the left eye were t = 0.606, p =
0.556. The difference in the degree of spherical refractive
error was not statistically significant between twins.

Paired t test for Astigmatism in Twins
Results of the paired ¢ test for astigmatism of the right eye
were t = 0.874, p =0.399, and those for astigmatism of the
left eye were t = 0.473, p = 0.645. The difference in
astigmatism of both eyes was not statistically significant
between twins.

Paired t test for Spherical Equivalent in

Twins
Results of the paired ¢ test for spherical equivalent of the
right eye were t = 1.491, p = 0.162, and those for spherical
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equivalent of the left eye were t = 0.753, p = 0.466.
Regardless of whether it was the right eye or left eye,
the difference in the degree of equivalent refractive error

was not significant between twins.

Correlation Analysis Results of Spherical

Refractive Error in Twins

The Pearson correlation results for the degree of spherical
refractive error of the right eye were r = 0.967, p = 0.00. The
difference in correlation of spherical refractive error of the
right eye was statistically significant between twins. The
Pearson correlation results for the degree of spherical refrac-
tive error of the left eye were r = 0.973, p = 0.00. The
difference in correlation of spherical refractive error of the

left eye was statistically significant between twins (Figure 1).

Correlation Analysis Results of

Astigmatism in Twins

The Pearson correlation results for the degree of astigma-
tism of the right eye were r = 0.859, p = 0.00. The
difference in spherical correlation of the right eye was
statistically significant between twins. The Pearson corre-
lation results for the degree of astigmatism of the left eye
were r = 0.785, p = 0.01. The difference in astigmatism of
the left eye was statistically significant between twins.
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Figure | Scatter diagram of equivalent spherical mirror.

Correlation Analysis Results of Spherical

Equivalent in Twins

The Pearson correlation results for the degree of spherical
equivalent of the right eye were r = 0.901, p = 0.00. The
difference in correlation of degree of spherical equivalent
of the right eye was statistically significant between twins.
The Pearson correlation results for the degree of spherical
equivalent of the left eye were r = 0.971, p = 0.00. The
difference in correlation of degree of spherical equivalent
of the right eye was statistically significant between twins.

Correlation Analysis of Dominant Eye in

Twins

Results of the Kappa consistency test and chi-square test
were 0.451, p = 0.052. Although the numerical deviation
was small, it also indicated p>0.05. It showed that the
consistency statistics of dominant eye were not statistically
significant between twins.

Discussion

In human vision, one eye is usually stronger than the
other. Not only the vision, but also more visual informa-
tion of the brain is from the eye. This eye is the dominant
eye. Many studies have shown that different ethnic groups
have different ratios, and a right dominant eye has
a higher probability of distribution in the population
than a left dominant eye. The difference in the distribution
is significant. In about 60% of cases, the dominant eye is
the right eye, while in about 30% of cases, the dominant
eye is the left eye. The dominant eye of about 5% of
patients can alter between the left and right eyes in the
clinical examination. Among patients with refractive
error, there is no significant change in the dominant eye
before and after correction'® and after refractive surgery.'’
Among patients with anisometropia, there is no obvious
correlation between the dominant eye and the high degree
eye, and the low degree eye is not necessarily the domi-
nant eye.'® In a study of the relationship between cor-
rected visual acuity and dominant eye, the eye with better
corrected visual acuity is not necessarily the dominant
eye. Moreover, the right or left dominant eye may affect
the refractive state in the future. It has been found that the
size of congenital astigmatism may affect the determina-
tion of dominant eye after birth. In the study of dominant
eye and depth perception, it has been found that the
inequality in binocular function exists in depth perception.
The dominant eye plays an important role in depth
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perception, which is the influence of the dominant eye on
depth perception formed in the acquired social practice
activities, showing a trait of age since it increases
with age.

In a study of the relationship between pupil size and
dominant eye, it was found that the dominant eye is
associated with the pupil size. It is considered that the
dominant eye is often determined by congenital factors.
Most studies show that the dominant eye is often formed at
birth and is relatively stable. However, in animal experi-
ments and clinical studies of patients with monocular
amblyopia, it was found that the dominant eye can be
transferred to the other eye due to certain acquired causes,
such as dominant eye trauma or dominant eye cover. This
shows that the dominant eye still has a certain degree of
acquired plasticity.

Monozygotic twins have the same genes and genetic
consistency. Using monozygotic twins for clinical controls
or clinical trials can exclude genetic factors, and the results
are more reliable. Some previous clinical observations
have found that there is strong consistency in the degree
of refractive error between identical twins, namely, the
similarity of refractive error state is very high between
twins. Wu’s study in China found that the correlation of
refractive error between twins is very high; Clinical data
showed no significant difference in refractive error
between twins.!” The refractive errors of the two groups
were consistent. There was a significant difference in
refractive error between different twins. Furthermore, the
occurrence and progression of myopia are mostly related
to environmental factors.

Our study aims to determine whether the dominant eye
relies on innate and genetic factors. Among 13 pairs of
identical twins with dominant eye, we found that 10 pairs
of identical twins have a completely consistent dominant
eye (right or left), of which 8 pairs have a right dominant
eye and two pairs have a left dominant eye. Therefore,
right dominant eye accounts for 80% and left dominant
eye for 20%. This is in line with the results of a previous
study that in the majority of cases, the right eye is the
dominant eye.

Monozygotic twins have the same genes, and the
refractive state is consistent between them. With this char-
acteristic, different treatment measures are adopted clini-
cally between twins. The effectiveness of treatment factors
has been studied. For example, in the observation and
study of the popular methods of myopia progression con-
trol, we can use identical twins.

The sample size of this paper is really small because
there are few such clinical patients. However, the results of
this paper show that the dominant eye is highly correlated
with heredity, which is not consistent with the previous
literature.

In addition, we found that there are great differences in
diopter between different twins, indicating that the acquired
factors of myopia are greater, and we need to strengthen the
prevention and control of myopia after birth.
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