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 retinal defocus checked by
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To the Editor: Myopia is the most common refractive
error and a major reason for visual impairment. The
prevalence of myopia is increasing worldwide and is
particularly high in Asian countries. It affects 80% to 90%
of young people in some parts of East and Southeast
Asia.[1] High myopia, which is more than �6.00 D,
increases the possibility of visual impairment due to ocular
complications caused by extended axial length (AL),
which include posterior uveioma, retinal detachment,
choroidal new vascularization, and so on. Thus, the
prevention and control of myopia is a difficult and
important public health issue that has attracted great
attention from the World Health Organization and the
Chinese government.

The formation of myopia is closely related to the retinal
defocal state and AL. Methods to evaluate eccentric
refractive errors mainly include subjective eccentric
refraction, wavefront measurements with an AHS sensor,
streak retinoscopy, and photo refraction with a power
refractor.[2] However, these methods have high require-
ments for patient cooperation, and they are time
consuming and difficult to use in clinical practice. More
importantly, they can only detect a small area of the retina
and cannot accurately detect the peripheral defocus of
each region of the retina.

Multispectral refraction topography (MRT) is a new
instrument using multispectral imaging. The technology
collects ocular fundus images, which are compared and
analyzed by a specific computer algorithm with single
spectral light of different wavelengths. Finally, it calcu-
lates the actual refractive value of each pixel point. MRT
can detect the refraction of each part of the retina within a
range of 45° at the posterior pole of the retina. Its accuracy
and repeatability have been validated.

Therefore, this study measures the peripheral defocus of
different degrees of myopia checked by MRT in young
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students and aims to explore the relationship between
retinal defocus and myopia.

Target population and eye examinations. Our present
research was a descriptive cross-sectional study, and
Ethical Approval was obtained from the Ethics Committee
of the Fourth Hospital of Hebei Medical University.
Written informed consent was obtained from all partic-
ipants. We recorded patients presenting for visual
problems in an ophthalmology outpatient department
of our hospital from December 1, 2021, to March 31,
2022. The inclusion criteria were as follows: (1) ages
between 6 to 18 years, (2) with a best corrected visual
acuity of 20/20 or better, and (3) agreement to participate
and provide informed consent. The exclusion criteria were
as follows: (1) acute or chronic ocular diseases, (2) a
history of corneal contact lenses, such as orthokeratology
lenses, and (3) a history of ocular diseases or previous
ocular surgery that might influence refraction or AL.

The refractive errors of all eyes were measured by an
autorefractometer (AR-360A, NIDEK Co. Ltd., Japan)
after full cycloplegia, 30 min after three drops of
compound tropicamide 0.5% and phenylephrine 0.5%
(SINQI Pharmaceutical Co., Ltd., Shenyang, China) with
an interval of 5 min so that pupils were dilated and the
response to light disappeared. We collected the mean of
three consecutive autorefraction results conducted as the
refractive error value, which is presented as sphere (S) and
cylinder (C) measurements. The final refractive error was
recorded as the spherical equivalent (SE), and the SE value
was the basis for grouping. The equation was SE= S +C/2.
The ALs were measured by IOLMaster Biometry (Master
2000, Zeiss Co., Germany) under natural light before
pupil dilation. We also collected the mean of three
measurements as the final result. Retinal defocus was
measured by MRT (version 1.0.5T05C; Thondar, Inc.).
All examinations were performed by the samewell-trained
experienced optometrist.
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Statistical analysis was performed using SPSS 26.0 (SPSS
Inc., Chicago, IL, USA). Normally distributed data are
expressed as the mean± standard deviation, and compar-
isons between groups were analyzed using one-way
analysis of variance. A value of P < 0.05 indicated
statistical significance.

In this study, 256 primary and secondary school students
(512 eyes) presented to the optometry clinic of our
hospital for the diminution of vision or their concerns
about it. There were 98 boys and 158 girls aged 6
to 18 years. Of the 512 eyes, 74 had emmetropia (EM,
�0.5D< SE< +0.5D), 246 had lowmyopia (LM,�3.0D
< SE��0.5 D), 122 had moderate myopia (MM,�6.0 D
< SE��3.0 D), and 70 had highmyopia (HM, SE≥�6.0
D). It is noteworthy that the 74 opposite eyes of those
with EM included 16 eyes with EM, 38 eyes with LM, and
four eyes with MM. The ages, sex, and values of AL for
the four groups are presented in Supplementary Table 1,
http://links.lww.com/CM9/B437.

The refraction difference values (RDVs) of the four groups
are shown in Supplementary Table 2, http://links.lww.com/
CM9/B437. According to the values, we found that the
retinal peripheral refractive error increased with increasing
eccentricity. Eyes with moderate and high myopia presented
relative hyperopia. The deeper the degree of myopia is, the
greater the hyperopia. There was a significant difference in
the value of total refraction difference value (TRDV)
between group EM (0.006± 0.503) and group MM
(0.223± 0.475), group LM (0.040± 0.533), and group
MM (0.223± 0.475) (P < 0.05) [Figure 1A]. In the
range of RDV-15, there was a significant difference
between group EM (�0.073± 0.065) and group HM
(�0.010± 0.176); group MM (�0.061± 0.076) and group
HM (�0.010± 0.176) (P < 0.05) [Figure 1B]. In the range
of RDV-30, there was a significant difference between
group EM (�0.102± 0.199) and group MM (�0.019±
0.194); group EM (�0.102± 0.199) and group HM
(0.038± 0.242) (P < 0.05) [Figure 1C]. In the range of
RDV-45, there was a significant difference between group
Figure 1: The TRDV (A), RDV-15 (B), RVD-30 (C), RVD-N (E), RVD-T (F), RDV-S (G) and RDV-I (H)
LM: Low myopia; MM: Middle myopia; RDV: Refraction difference value; RDV-I: RDV-inferior
difference value.
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EM (0.013± 0.396) and group MM (0.168± 0.381);
group LM (0.056± 0.414) and group MM (0.168±
0.381) (P < 0.05) [Figure 1D]. In the RDV-nasal (RDV-
N) position, there was a significant difference between
group LM (0.336± 0.763) and group MM (0.566± 0.710)
(P < 0.05) [Figure 1E]. In the RDV-temporal (RDV-T)
position, there was no significant difference among the four
groups [Figure 1F]. In the RDV-superior (RDV-S) position,
there was a significant difference between group EM
(�0.715± 0.755) and group MM (�0.346± 0.818); group
EM (�0.715± 0.755) and group HM (�0.075± 0.978);
and group LM (�0.491± 0.852) and group HM
(�0.075± 0.978) (P < 0.05) [Figure 1G]. In the RDV-
inferior (RDV-I) position, there was a significant difference
between group LM (0.198± 0.940) and group MM
(0.449± 0.639) (P < 0.05) [Figure 1H].

The results also showed that there was a significant
difference in AL among the four groups (P < 0.05)
[Supplementary Figure 1A, http://links.lww.com/CM9/
B437]. Furthermore, the Pearson correlation analysis
indicated an obvious negative correlation of SE with
AL (r =� 0.697, P < 0.05) [Supplementary Figure 1B,
http://links.lww.com/CM9/B437]. Additionally, it indicat-
ed a negative correlation of SE with TRDV (r =� 0.125,
P < 0.05), RDV-30 (r =� 0.097, P < 0.05), RDV-45
(r=� 0.096, P< 0.05), and RDV-S (r=� 0.166, P< 0.05).
It indicated no significant correlation of SE with RDV-15
(r =� 0.026, P = 0.580), RDV-I (r =� 0.048, P = 0.307),
RDV-N (r =� 0.054, P = 0.247), and RDV-T (r =� 0.052,
P = 0.270).

In our study, all of the students had a myopia defocus
within 15° eccentricity. The retina defocus of the fovea or
the posterior region has less influence on the development
of myopia. Students with high myopia presented an
obvious hyperopia defocus at 30° and 45° eccentricity,
whereas students with low and MM had relative
hyperopia at 45° eccentricity. Chen et al[3] compared
the peripheral refractive errors in patients with different
refractive degrees and concluded that the hyperopic shift
of different eccentricities and quadrants in four groups. EM: Emmetropia; HM: High myopia;
; RDV-N: RDV-nasal; RDV-S: RDV-superior; RDV-T: RDV-temporal; TRDV: Total refraction
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was greater in MM than in LM but was similar in EM and
LM.

Notably, eyes with EM had mild hyperopia at 45°
eccentricity in this study. After consulting the literature,
Mutti et al[4] found that peripheral hyperopia defocus in
children appears two years before the onset of myopia,
indicating that it may appear in EM. To a certain degree, it
confirmed that peripheral hyperopia defocus has predic-
tive significance for the occurrence of myopia.

From the perspective of the four quadrants, we found that
all of the eyes in our study showed myopic defocus in the
superior retina and obvious hyperopic defocus in other
areas. Moreover, the higher the degree of myopia is, the
smaller the amount of myopic defocus. In addition, the AL
is significantly longer with increasing myopic refraction.
This finding indicates that the change in the superior retina
is positively correlated with the growth of AL and the
decrease in myopic defocus. Shen et al[5] compared the
peripheral refractive errors in horizontal, vertical, and two
diagonal meridians. They found that the hyperopic shift
was greater toward the inferior visual field than toward
the superior visual field in the MM and HM groups.
Additionally, Gregor F. Schmid’s[6] study found that the
steepening of the relative peripheral eye length changed
the most in the superior retina.

The specific mechanism between peripheral refractive
error and myopia remains controversial. Two main views
are popular: some insist that peripheral hyperopic defocus
is an important trigger for the development of axial
myopia, and others argue that peripheral hyperopia may
be a result of eye growth.

Our study demonstrated that the retina peripheral
refraction of the eyes varied from different eccentricities
and quadrants. There was a growing trend with the
increase in the degree of myopia in the range of RDV-30
andRDV-45. The RDV in the superior retina increased the
most compared with that in the other quadrants. In
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addition, the degrees of myopia negatively correlated with
AL, TRDV, RDV-30, RDV-45, and RDV-S. Therefore,
the peripheral refraction of 30° and 45° eccentricities and
the superior retina may be closely related to the onset and
progression of myopia. However, the sample size of our
study was relatively small, and relatively few students had
high myopia, since the subjects mainly came from the
nearby primary and middle schools. Therefore, conclu-
sions need a larger size and long-term follow-up study to
be confirmed.
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