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Aim: To investigate the relationships between property of the visual quality, Strehl ratio
(SR) and the degree of myopia.

Methods: A total of 444 anatomically normal eyes of 222 adolescents were enrolled in the
TYPE study. Based on spherical equivalent (SE), subjects were divided into four groups:
emmetropia/control (SE: +0.75 to —0.75 D), low myopia (SE: —0.75 to —3.00D), moderate
myopia (SE: —3.00 to —5.00D), high myopia (SE: <-5.00D). Axial length (AL) was
measured. SR was attained with an OPD-III SCAN and calculated under a 3 mm pupil
diameter.

Results: The overall SR (mean + SD) was 0.40 = 0.08. Among all included eyes, the SR in
eyes with the emmetropia, low myopia, moderate myopia and high myopia was 0.80 + 0.11,
0.31 +0.04, 0.21 £ 0.11, and 0.11 £ 0.02, respectively. Furthermore, the K2 in eyes with the
emmetropia, low myopia, moderate myopia and high myopia was 43.83+1.50, 43.96+1.37,
43.445.52, and 45.16+1.43, respectively. Significant differences were detected within the
four groups in terms of SR and K2 (P < 0.001). Multiple regression analysis confirmed that
AL negatively affected SR independently (P < 0.001).

Conclusion: Our findings provide a useful basis for the conclusion that myopia affects
visual quality SR in Chinese adolescents. Besides, when performing visual quality SR, axial
length must be taken into consideration, as it will influence SR.

Keywords: myopia, visual quality, SR, axial length

Introduction
In recent years, myopia has gained increasing interest, particularly because of its
increase in prevalence across populations worldwide.! Myopia is not a simple
refractive error, but threatens people’s visual acuity and visual quality.>

LASIK surgery can correct myopia, and the changes in optical quality after
LASIK surgery depended on the patient’s preoperative optical quality. Herein,
previous studies have shown that myopia seriously affects the visual quality in
adults and the higher the degree of myopia, the lower the visual quality.*> Strehl
ratio (SR) is one of the visual image quality metrics and has been shown to be
predictive of subjective best focus.®’ Besides, the researches on metrics of
visual quality including SR are mainly focused on the changes of visual quality
in myopia patients before and after refractive surgery intervention.®’ However,
there is a lack of population-based studies on the visual quality of children with
myopia, this study adopts the population-based cross-sectional design to analyze

the visual quality of adolescents with myopia.
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Methods

The school-based, cross-sectional Tuyou Pediatric Eye (TYPE)
study was carried out from September 1 to December 15, 2019,
in the Tuyou County of Baotou in the Inner Mongolia
Autonomous Region, China. The detailed information of the
TYPE study was published in elsewhere.'” This study was
a section of the TYPE study and aimed to investigate the
relationship between myopia and visual quality (Strehl ratio)
in adolescents aged 1118 years. Briefly, this study adopts the
multi-stage cluster sampling strategy and selects two middle
schools (junior high school and senior high school). First of all,
in view of the serious imbalance in China’s development,
Tuyou County in Baotou City in northern China represents an
administrative division and is elected from the Inner Mongolia
Autonomous Region of China. Second, select a high school and
a junior high school from the suburban of Tuyou County as the
representatives of education level. Finally, two classes are
randomly selected from each grade of each school. All 230
students from these classes were included in the survey and
eligible for all examinations; 8 students did not acquire full data,
and the remaining 222 students (96.5%, 444 eyes) completed
the questionnaire and all eye examinations without cycloplegia.
We included subjects with spherical equivalent (SE) less than
+0.75 diopter (D), a best-corrected visual acuity (BCVA)
greater than or equal to 1.0 units in the logarithm of minimal
angle of resolution (logMAR) scale, transparent cornea, and
those without any evidence of strabismus or intraocular disease
as determined by an ophthalmologist and stopped wearing
contact lenses for more than 2 weeks. Exclusion criteria were
listed as follows: 1) suffering with systemic immune system
diseases and other eye diseases that affect vision; 2) with
a history of eye surgery or trauma. Subgroups were categorized
according to their SE values, with 217 eyes in emmetropia
group (+0.75 D < SE <-0.75 D) and 134 eyes in the low
myopia group (—0.75 D <SE <-3.0 D); 55 eyes in the moderate
myopia group (—3.0 D < SE <—5.0 D), and 38 eyes in the high
myopia group (SE >—5.0 D). In this cross-sectional study, 444
eyes of 222 adolescents aged 13.52 + 0.64 years (mean =+
standard deviation (SD), range: 11-<18 years) were enrolled
in the current study. The study complied with the Declaration of
Helsinki and was approved by the institutional review board of
Baotou Chaoju Eye Hospital (No. CHAOJU-BT-2020003), and
all participants or their parents gave written informed consent.
This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines
(https://www.bmj.com/content/335/7624/8006).

Demographic Characteristics

Demographic information, including age, sex, family
socioeconomic status, and lifestyle, such as sleep duration
per day, were collected via questionnaires. Sleep duration
per day was ascertained using the following question,
“During your longest or nocturnal sleep period, what
time do you normally go to bed and wake up?”’ (Time
was recorded in minute format).

Body Check

Each participant underwent a comprehensive body exam-
ination including weight, height, systolic blood pressure
(SBP), diastolic blood pressure (DBP) and heart ratio.
Body mass index (BMI) was calculated by dividing body
weight in kilograms by the square of the height in meters.

Ocular Examination

Further, a comprehensive ophthalmologic examination
was conducted including best-corrected visual acuity
(BCVA) testing, ocular biometry including (axial length,
corneal keratometry such as K1, K2 and Km) with the IOL
Master 500 (Zeiss Meditec, Inc., Dublin, CA), fundus
examination using nonmydriatic cameras TRC-NWS§
(Topcon Corporation, Tokyo, Japan). SE was calculated
as the sphere plus half the cylindrical power. Intraocular
pressure (IOP) was measured with a non-contact ton-
ometer (Nidek NT-510, Nidek, Aichi, Japan).

Optical visual quality was performed with the OPD III-
SCAN (NIDEK, Japan). The machine can obtain root-
mean-square (RMS) values at a pupil diameter of
4.0 mm. The SR, calculated by means of the optical
transfer function method, captures the effectiveness of
the retinal point spread function (PSF) at stimulating the
neural portion of the visual system.

Definition

The SR is the ratio of central intensity of the point image
between the measured eye and the ideal eye. A value of 1
indicates a perfect system influenced only by diffraction.""
SR indicates the ratio of the light intensity of the Gaussian
image point between defective and perfect refractive
media, which is 0.15 in healthy adults; the higher the
value, the better is the visual quality.®

Statistical Analysis
Statistical analysis was performed using the SPSS soft-
ware, version 23.0 (IBM Corp, USA). Data obtained from

1542 "

Dove!

International Journal of General Medicine 2021:14


https://www.bmj.com/content/335/7624/806
http://www.dovepress.com
http://www.dovepress.com

Dove

Bian et al

each group were compared using 1-way analysis of var-
iance (ANOVA). Univariate regression analysis was used
to determine relationships between systematic variables
(eg, age, sex, SBP, DBP, and BMI) and SR. Multivariate
regression analysis coefficients () were used to assess
age, sex, and interaction in models for SR. P values were
2 sided, and P value less than 0.05 was considered statis-
tically significant.

Results

There were significant differences in BMI (P = 0.036),
SBP (P = 0.041), AL (P < 0.001) and SR (P < 0.001)
according to whether myopia or not. However, there were
no significant differences between participants with or
without myopia in IOP, K1, K2, and Km, respectively
(all P> 0.05, Table 1).

Significant differences were detected within the degree
of myopia groups in terms of heart ratio (P = 0.005), AL
(P <0.001), SR (P <0.001) and K2 (P = 0.004). Besides,
SR showed a significant decrease in the severity of myopia
(P < 0001). However, there were no significant differences
between the myopic groups in IOP, K1, and Km, respec-
tively (all P > 0.05, Table 2).

Associations between demographic, systemic, and ocu-
lar variables with SR metrics by univariate and multiple
regression analyses are shown in Table 3. In the multiple
regression model adjusted with age and gender, AL was
independently associated with SR (f = - 0.415, P < 0.001)

Discussion
In the current study, we investigated the relationship
between SR and degree of myopia in adolescents with
the following demographic or systematic characteristics:
age, sex, sleep duration per day, AL, intraocular pressure,
SBP, DBP, height, weight, and BMI. According to the
analysis of the research results, there was a significant
difference for SR in four groups according to their sphe-
rical equivalent refractive error. Moreover, SR showed
a weak but significant negative correlation with AL.
There is no population—based evidence on the correla-
tion between SR and myopia. Previously, Kamiya et al
conducted a study on healthy volunteers aged 20—69 years
and found that objective visual quality parameters, such as
the
(MTF.uorf) and SR decreased significantly with age,

modulation transfer function cutoff frequency
while the objective scatter index (OSI) increased signifi-
cantly according to the optical quality analysis system II
(OQAS I1).'? However, all participants of the current study
were healthy young people with an age range of 11-18
years. The permeability of the refractive medium was
normal and did not affect the quality of retinal imaging
and intraocular scattering. Therefore, the visual quality of
healthy young participants with myopia is not affected
by age.

In addition, this study also found that after adjusting for
confounders, SR was negatively correlated with AL

(P<0.001). This suggests that the visual quality of adolescents

Table 1 Adolescent Characteristics by Whether There is Myopia or Not

Variables Overall (n=444) Myopic Eyes (n=227) Normal Eyes (n=217) P

Age (years) 13.52+0.64 13.56+0.70 13.47+0.57 0.138
Gender (boy, %) 208(46.84) 97(46.63) 111(53.37) 0.076
Height (cm) 163.25+34.66 165.68+47.85 160.71+7.43 0.131
Weight (kg) 53.65%12.32 52.69+12.30 54.65+12.29 0.093
BMI (kg/m?) 20.61+4.19 20.21+4.38 21.04+3.95 0.036
SBP (mmHg) 111.89£13.00 113.18+13.64 110.65£12.17 0.041
DBP (mmHg) 66.23+9.318 66.18+9.12 66.28+9.53 0914
Heart ratio 83.74+12.28 83.53%12.23 83.96+12.35 0.716
Sleeping time per day (min) 514.12+63.03 511.04+£69.76 517.35£55.10 0.072
IOP (mmHg) 16.79£8.01 16.84+10.89 16.73+2.74 0.887
Axial length (mm) 23.82+1.72 24.32£2.16 23.29+0.80 <0.001
SR 0.40+0.08 0.11£0.03 0.80£0.11 <0.001
Kl 44.29+26.38 44.69+25.50 43.88+27.33 0.119
K2 43.93+2.39 44.024£3.01 43.83£1.50 0.059
Km 44.11£13.29 44.35+12.85 43.86x13.76 0.693

Note: Data are presented as mean + SD.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; IOP, intraocular pressure; SBP, systolic blood pressure; SR, Strehl ratio; KI, horizontal axes; K2,

vertical axes; Km, average corneal curvature.
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Table 2 Adolescent Characteristics by Severity of Myopia

Variables Overall Emmetropia Low Myopia Moderate Myopia High Myopia P
(n=444) (n=217) (n=134) (n=55) (n=38)
(-0.75D (—0.75D (-3.0 D< SE (-5.0D < SE)
<SE<+0.75D) | <SE<-3.0D) <-5.0 D)

Age (years) 13.5240.64 13.47£0.5 13.56+0.65 13.59+0.89 13.54£0.59 0.505
Gender (boy, %) 208(47.00) 111(53.37) 52(25.00) 29(13.94) 16(7.70) 0.148
Height (cm) 163.25+34.66 160.71+7.43 169.35£61.73 160.73+8.68 159.92+7.58 0.113
Weight (kg) 53.65+12.32 54.65+12.29 53.16x12.72 52.16x13.16 51.82+9.39 0.349
BMI (kg/m?) 20.61+4.19 21.04+3.95 20.15+4.15 20.29+5.42 20.26+3.51 0.219
SBP (mmHg) 111.89£13.00 111.23%13.64 110.23£12.40 109.91£11.45 113.16£12.93 0.117
DBP (mmHg) 66.23+9.318 66.18%9.12 66.05+10.22 64.63%7.60 69.39+9.96 0.110
Heart ratio 83.74+12.28 83.96+12.35 81.36x11.52 85.11+9.65 88.92+15.84 0.005
Sleeping time per day (min) 514.12+63.03 517.35+55.10 509.21+67.46 517.02+68.21 508.82+80.67 0.624
IOP (mmHg) 16.79+8.01 16.73+£2.74 17.25%13.99 16.24+3.04 16.29+2.49 0.837
Axial length (mm) 23.82x1.72 23.29+0.80 23.93+1.95 24.58+2.96 25.31%0.70 <0.001
SR 0.40+0.08 0.80+0.11 0.31+0.04 0.21£0.11 0.11£0.02 <0.001
Kl 44.29+26.38 43.88+27.33 42.81+1.24 50.00+51.75 43.60%1.10 0.382
K2 43.93+2.39 43.83+1.50 43.96x1.37 43.4+5.52 45.16%1.43 0.004
Km 44.11£13.29 43.86+13.76 43.39+1.27 46.70+26.04 44.38+1.23 0.462

Note: Data are presented as mean + SD.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; IOP, intraocular pressure; SBP, systolic blood pressure; SR, Strehl ratio; KI, horizontal axes; K2,

vertical axes; Km, average corneal curvature.

Table 3 Correlation Coefficient Between Demographic, Systematic, and Ocular Parameters with SR Metric

Variables Unadjusted P Adjusted Coefficients P
Coefficients (B) B)*
Age (years) —0.002 0.964 —0.011 0.800
Gender 0.027 0.566 —0.068 0.133
Height (cm) —0.048 0.317 - -
Weight (kg) —0.025 0.595 - -
BMI (kg/m?) 0.013 0.787 - -
SBP (mmHg) 0.004 0.938 - -
DBP (mmHg) —0.024 0.608 - -
Heart ratio 0.014 0.766 - -
Sleeping time per day (min) 0.045 0.350 - -
IOP (mmHg) —0.013 0.792 - -
Axial length (mm) —0.400 <0.001 —0.415 <0.001
Kl 0.056 0.243 - -
K2 0.048 0314 - -
Km 0.059 0.212 - -

Note: *Adjusted with age, gender and axial length.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; |IOP, intraocular pressure; SBP, systolic blood pressure; SR, Strehl ratio; K|, horizontal axes; K2,

vertical axes; Km, average corneal curvature.

with myopia would deteriorate as the AL increases. These
findings were consistent with outcomes by Miao et al’
Interestingly, our study is a population-based cross-sectional
study, and emmetropia is used as a control group, which
increases the reliability of the findings.

There are many factors that affect the visual quality, of
which aberration and scattering are the main factors and
they are always affected by age, refractive power of the
refractive medium, pupil diameter, sharpness of the refrac-

tive medium, eye surgery and history of trauma. The
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subjects included in this study were all adolescents aged
11-18 years, with an artificial pupil diameter of 4.0 mm,
excluding the history of ocular diseases, surgery, or
trauma. Therefore, the main factor affecting the visual
quality of myopia in this study is the diopter of the refrac-
tive medium. In the refractive system of the human eye,
the refractive power of the cornea and lens account for the
main part of the total refractive power of the eyes. The
visual quality depends largely on the balance and interac-
tion between the cornea and the lens. Analyzing the rea-
sons that the visual quality of young people’s high myopia
is worse than that of low and moderate myopia is mainly
as follows: 1) as the refractive power increases, the ante-
rior surface of the cornea and lens becomes steeper, and
the anterior and posterior surfaces of the cornea and lens
are not ideal; 2) with the increase of diopter, the shape of
the eyeball changes, and the optical center of the cornea
and the lens are out of axis; 3) with the increase of diopter,
the refractive medium becomes uneven and the refractive
index changes.'® These factors can cause the incident light
to deviate from the ideal optical path, resulting in
a decrease in visual quality. The more sleep duration
(over 8 hours) maybe better for children eye health.
However, there is no correlation between sleep duration
and SR in the current study, and a further prospective
study is needed to verify this hypothesis.

The advantage of the current study lay in the first popula-
tion-based study to investigate the association between SR and
degree of myopia in Chinese adolescents. However, there
were some limitations in our study. Firstly, the sample size
of this study was relatively small due to the strict inclusion and
exclusion criteria, and only included Chinese adolescents;
thus, the representativeness of current study was relatively
weak. Secondly, we did not provide mydriasis for participants,
which may have affected the accuracy of diopter. Thirdly,
refractive error was evaluated without cycloplegia. It may
cause the problem to overestimate myopia. Finally, this study
only analyzed SR as optical quality outcome rather than
MTF o, OSI index, and further prospective-designed, large
sample size and multi-ethnic studies still need to be performed.

Conclusions

Our cross-sectional study summarized the relationship and
characteristics between myopia and visual quality para-
meter SR in adolescents in a county of northern China.
Our findings show that myopia is related to SR, and SR
decreases with the increasing degree of myopia. In addi-
tion, SR had an independently negative correlation with

AL. This study provides a useful basis for further confirm-
ing the influence of juvenile myopia on visual quality.
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