Zhu et al. BMC Ophthalmology ~ (2023) 23:366 BMC Ophtha|m0|ogy
https://doi.org/10.1186/512886-023-03112-y

Check for
updates

Refraction and ocular biometric parameters
of preschool children in the Beijing whole
childhood eye study: the first-year report
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Abstract

Background Prevention of myopia should begin before school age. However, few population-based cohort studies
have investigated refractive status in preschool children with cycloplegia. This study aimed to investigate the post-
COVID-19 refraction and ocular biometric parameters of preschool children in Beijing Tongzhou District.

Methods A population-based cohort study of kindergarten children in Tongzhou District, Beijing, commenced in
November 2021. The present study reports data from the first year of the aforementioned population-based study. We
selected children aged 3-6 years from nine kindergartens. Biometric parameters, including axial length (AL), anterior
chamber depth (ACD), and corneal radius of curvature (CR), were collected before cycloplegia. Cycloplegic refraction
was also measured. The spherical equivalent (SE), lens power (LP), and AL-to-CR ratio were calculated. Multiple linear
regression analysis was used to analyse the correlation between refraction and ocular biometric parameters.

Results A total of 1,505 children completed the examination, and a mean SE of 1.24+0.91 D was found. The overall
prevalence of myopia was 1.93%. The mean AL, ACD, CR, LP, and AL-to-CR ratio were 22.24+0.70 mm, 3.28+0.26 mm,
7.77+£026 mm, 26.01 £ 1.56 D, and 2.86+0.07, respectively. Longer AL, deeper ACD, larger AL-to-CR ratio, and lower
LP were associated with older age; the CR was not significantly different among different ages. In the multiple linear
regression analysis, after adjusting for sex and age, the model that included AL, CR, and LP explained 87% of the SE
variation. No differences were observed in the prevalence of myopia or the SE in this particular age range.

Conclusion The findings of this study suggest that a large proportion of preschool children in Beijing are mildly

hyperopic, with a considerably low prevalence of myopia. In preschool children, refractive development was found to
present mild hyperopia rather than emmetropia or myopia, a phenomenon that is characteristic of this age range.
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Background

The process by which human eyes transition from hyper-
opia to emmetropia is often called emmetropization [1].
Both genetic and environmental factors are involved
[2—4]. If hyperopia wears off too early in children, they
gradually develop myopia [5]. Several studies have dem-
onstrated that the prevalence of myopia among children
and adolescents in China and other Asian countries is
higher than that elsewhere [6-9]. In China, the high
incidence of myopia is a serious public health concern.
According to a 2018 national epidemiological survey, the
prevalence of myopia in children aged 6 years reached
14.5% without cycloplegia, implying that the prevention
and control of myopia must include the preschool age
group; otherwise, the myopia prevalence in China may
reach 61.8% by 2030 [10].

Few population-based cohort studies have investi-
gated preschool children with cycloplegia. Guo et al. [11]
found that in preschool children, the prevalence of myo-
pia is very low, and refraction changed negligibly. How-
ever, since the emergence of the COVID-19 pandemic
in December 2019, many children have been restricted
to their homes for longer periods, outdoor activities
have decreased, and the use of electronic screens has
increased. These environmental changes have potentially
led to alterations in children’s refractive statuses and ocu-
lar biometric parameters [12, 13].

To understand the post-COVID-19 refraction and
ocular development in preschool children, we initiated
a population-based cohort study in Tongzhou District,
Beijing. From 2021, the refractive changes and their
influencing factors in these preschool children will be
obtained via follow-up. This article reports the first-year
results of this study.

Methods

Study Design and Population

This is a population-based cohort study conducted from
November 2021 in kindergartens in Tongzhou District,
Beijing. Tongzhou District is a suburban area and serves
as the sub-center of Beijing, with economic and popu-
lation levels falling in the middle range among Beijing’s
districts. There are a total of 181 preschools in Tong-
zhou District, comprising 38 public preschools and 153
private preschools. Using a stratified random cluster
sampling method, we selected 9 schools, including 2
public preschools and 7 private preschools, with a total
of 1917 participants. Among them, 185 individuals were
not permanent residents of Tongzhou District and were
excluded from the study due to the difficulty of follow-up.
Consequently, invitations to participate were extended
to 1732 individuals. Among the invited individuals, 439
potential participants were from public preschools, and
1293 potential participants were from private preschools.
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The two selected public preschools had 150 and 289
potential participants, respectively, while the seven pri-
vate preschools had 112, 121, 140, 150, 214, 271, and 285
potential participants each.

The project conformed to the tenets of the Declaration
of Helsinki and obtained ethical approval from the Ethics
Committee of Beijing Tongren Hospital Affiliated to Cap-
ital Medical University (TRECKY2020-152). Before the
examination of each kindergarten, we held an online par-
ents’ meeting to explain the purpose and methods of the
study, as well as the precautions for cycloplegia. We also
obtained the informed consent. A total of 1,515 (87.5%)
individuals, with consent forms signed by their parents or
legal guardians, participated in the study.

Eye Examination

The research team consisted entirely of ophthalmolo-
gists, optometrists, and eye nurses, each of whom under-
went standardised training. The distant vision test was
performed using Lea Symbols 3-m Set charts (250,300;
Good-Lite, Elgin, IL, USA) to accommodate children’s
cognitive ability. Refraction before and after cycloplegia
was measured using an autorefractor machine (model
RM-800; Topcon, Tokyo, Japan). Each eye was mea-
sured three times and averaged. The spherical differ-
ence between any two measurements should be <0.5 D;
otherwise, additional measurements were taken. Ocular
biometry was performed before cycloplegia using the
Lenstar 900 (Haag-Streit, Koeniz, Switzerland). Each eye
was measured three times, and each measurement was
automatically checked for quality by the instrument. If
a measurement was deemed unsatisfactory, additional
measurements were conducted. The average of the three
tests was calculated as the results. Anterior segment
and strabismus examinations were performed by an
ophthalmologist.

Cycloplegia was induced by 1% cyclopentolate. Each
child was given one drop of 0.5% proparacaine hydro-
chloride in each eye, followed by two drops of 1.0% cyclo-
pentolate (Cyclogyl; Alcon, Fort Worth, TX, USA) 5 min
apart. After 30 min, if the pupil size was 26 mm and the
light reflex was absent, cycloplegia was deemed adequate.
Otherwise, an additional drop of cyclopentolate was
given, and if the above standard of pupil size and light
reflex had not been reached after 15 additional minutes,
failure of cycloplegia was recorded.

Definitions

The spherical equivalent (SE) was equal to spherical
diopters (D)+0.5 x cylindrical diopters (D). Myopia was
defined as an SE of <—0.50 D, emmetropia was defined as
0.50 D<SE<0.50 D, mild hyperopia was defined as 0.50
D<SE<2.00 D, and mild-to-high hyperopia was defined
as an SE of 2+2.00 D. The corneal radius (CR) was equal
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to the mean of the flattest and the steepest radius. The
axial length (AL)-to-CR ratio was calculated as AL
divided by the CR. The lens power (LP) was based on the
Bennet—Rabbetts [14] formula, using AL, anterior cham-
ber depth (ACD), SE, and CR.

Statistical analysis

SAS 9.3 software was used for data processing and analy-
sis. An independent samples t-test was used to compare
the ocular characteristics, including SE, AL, ACD, CR,
AL-to-CR ratio, and calculated LP, between boys and
girls. Trend analysis was used to examine the age-related
differences. When normal distribution was not met, the
Mann-Whitney test was used for comparisons. Mul-
tiple linear regression analysis was used to analyse the
correlation between refraction and age, sex, and ocular
biometry parameters of the children. There was a strong
correlation between the left and right eyes (r=0.87), and
only the right eye was included in the statistical analysis.
P <0.05 was considered statistically significant.

Results

A total of 1,515 children participated in this study, and
1,505 eventually completed the cycloplegia and ocular
biometry examinations. In the public preschools, there
were a total of 380 individuals, and the participation rate
was 86.6%. In the private preschools, there were 1125
individuals, and the participation rate was 87.0%. There
was no statistically significant difference in the participa-
tion rates between the two groups (x*=0.0084, P=0.93).
Among them, 793 were boys (52.7%). Moreover, 208, 507,
659, and 131 were aged 3, 4, 5, and 6 years, respectively.
The average age was 4.9710.78 years. No statistically sig-
nificant differences in sex, age, or ethnicity were noted
between the included and excluded groups (Table 1).

The SE age and sex distributions are presented in
Table 2. The average SE was 1.24+0.91 D. The SEs were
1.18+0.94, 1.29+0.88, 1.22£0.93, and 1.19+0.83 D at 3,
4, 5, and 6 years of age, respectively. In the trend analysis,
no significant difference was noted in the overall SE or SE
by sex. Furthermore, no statistically significant age differ-
ences were observed between boys and girls.

The refractive-state distribution across various
ages is shown in Table 3. In total, 1,304 (86.64%) chil-
dren were hyperopic. However, at different ages, no

Table 1 Characteristics of children with versus without

cycloplegia
Children with Children with- P
cycloplegia out cycloplegia
n=1505 n=10
Sex (boy/girl) 793/712 3/7 0.1481
Age 497+0.78 4.85+0.79 06162
Ethnic (Han/other) 1208/92 7/2 0.1507
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significant differences in the proportion of children
with hyperopia were noted (P,,,; = 0.404). Mild hyper-
opia (0.50<SE<2.00 D) was the predominant refractive
state, and the proportion of children with mild hypero-
pia increased with age (P,,,; = 0.012). The proportion
of children with mild-to-high hyperopia (SE=+2.00 D)
decreased with age (P,,,; = 0.017). The proportion of
children with emmetropia and myopia was minimal,
and no age differences were noted (P,,,; = 0.358, 0.953).
Myopia was rare in this population, with a rate of 3.05%
in children aged 6 years. Figure 1 shows the age-specific
distribution of the SE and refractive states.

The age distribution of the ocular biological parameters
is shown in Table 2. The AL of preschool children in Bei-
jing was 22.24+0.70 mm (22.48+0.67 mm for boys and
21.97%0.64 mm for girls). Longer AL was associated with
older age (P,,; < 0.001), with measurements increasing
from 21.96+0.64 mm at 3 years of age to 22.60+0.68 mm
at 6 years of age. Boys had significantly longer ALs than
girls aged 3-6 years (P<0.001). The ACD increased from
3.20+0.29 mm at 3 years of age to 3.40+0.21 mm at 6
years of age (P,,,,; < 0.001). ACD was deeper in boys than
in girls, with statistically significant differences across
all age groups. No statistically significant difference was
found in CR among the different age groups during the
preschool stage, with an average CR of 7.77+£0.26 mm.
Except for 3-year-olds, boys exhibited slightly larger CR
values than girls, implying that the boys’ corneas were
flatter than those of the girls.

The mean AL-to-CR ratio was 2.86+0.07, increasing
from 2.8210.06 to 2.891+0.07 from 3 to 6 years of age
(Ppenq < 0.001). Boys had a slightly greater ratio than girls,
except for 3-year-olds; nonetheless, the overall difference
was negligible. The LP was calculated using the Bennett—
Rabbetts formula, with a mean value of 26.01+1.56 D,
and demonstrated a significantly decreasing trend from
27.33+1.54 D at 3 years of age to 25.07+1.31 D at 6 years
of age (P,,,,; < 0.001). Girls had a greater LP than boys at
all ages.

Multiple linear regression was used to analyse the rela-
tionship between the SE and ocular biological param-
eters, after adjusting for age and sex (Table 4). Model 1
only included AL for the analysis and explained 21%
of the SE variation. When AL increased by 1 mm, SE
decreased by —0.66 D. When AL and CR were included,
model 2 explained 51% of the SE variation. AL and SE
were negatively correlated (p = —1.49, P<0.001), whereas
AL and CR were positively correlated (§=2.86, P<0.001).
When the AL-to-CR ratio was included in the analysis,
model 3 explained 40% of the SE variation. The AL-to-CR
ratio increased by 0.1, and the corresponding SE changed
by —0.88 D. Model 4 analysed the association between
the SE and the calculated LP, AL, and CR values and
explained 87% of the SE variation. The SE was negatively

tren
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Table 2 Refractive and biometric characteristics in preschool children in Beijing

Characteristic 3y 4y 5y 6y Total Pirenq Value*

Spherical equivalent refraction

Total 1.18+0.94 1.29+0.88 1.22+093 1.19£0.83 1.24+091 0.770

Boys 1.22+0.76 1.26+0.86 1.15+£1.02 1.17+£0.89 1.20+£0.92 0.299

Girls 1124112 1.32+0.90 1.30£0.381 122+0.74 1.28+0.89 0415

P value* 0.440 0.391 0.039 0.771 0.088

Axial length (mm)

Total 21.96+0.64 22.10+0.67 22.35+0.69 22.60+0.68 22.24+0.70 <0.001

Boys 22.10+0.62 22.36+0.63 22.60+0.65 22.83+0.61 2248+0.67 <0.001

Girls 21.80+0.64 21.84+061 22.08+0.63 22.24+0.64 21.97+0.64 <0.001

Pvalue <0.001 <0.001 <0.001 <0.001 <0.001

Anterior chamber depth (mm)

Total 3.20+0.29 3244025 3324025 340+0.21 3.28+0.26 <0.001

Boys 3.24+0.32 3.30+0.23 3.38+0.24 346+0.20 335+0.25 <0.001

Girls 3.15+0.25 3.17+£0.25 324+024 332+0.19 321+024 <0.001

Pvalue 0.030 <0.001 <0.001 <0.001 <0.001

Corneal radius (mm)

Total 7.78+0.26 7.76£0.25 7.77+0.26 7.82+0.26 7.77+0.26 0.314

Boys 7.81£0.26 7.83+0.25 7.84+0.26 7.87+0.25 7.84+0.25 0.126

Girls 7.74+£0.25 7.70£0.24 7.70£0.25 7.73+025 7.71+025 0.580

P value 0.054 <0.001 <0.001 <0.002 <0.001

AL-to-CR ratio

Total 2.82+0.06 2.85+0.07 2.88+0.07 2.89+0.07 2.86+0.07 <0.001

Boys 2.83£0.06 2.86+0.06 2.88+0.07 2.90+0.08 2.87+0.07 <0.001

Girls 2.82+0.06 2.84+0.07 2.87£0.06 2.88+£0.06 2.85+£0.07 <0.001

Pvalue 0.109 0.001 0.002 0.044 <0.001

Lens power (D)

Total 27.33+£154 26.37+1.46 25.53+1.36 2507+1.31 2601+1.56 <0.001

Boys 26.94+1.49 25.89+1.31 25.16+1.23 2462+1.19 25,58+ 145 <0.001

Girls 27.75+£149 2687+ 144 2593+137 25.76+1.86 2649+1.55 <0.001

Pvalue <0.001 <0.001 <0.001 <0.001 <0.001

Data are presented as mean +standard deviation

*ANOVA was used to analyse the changing trend of these parameters

# A t-test was used to analyse the differences by sex

AL, axial length; CR, corneal radius of curvature; ANOVA, analysis of variance

Table 3 Distribution of SE in Beijing preschool children by age, no. (%)

SE 3y 4y 5y 6y Total P
n=208 n=507 n=659 n=131 n=1505 value*

0.50-1.99 145 (69 71) 355(70.02) 484 (73.44) ( 68) 1091 (72.49) 0.012

>2.00 2(15.38) 86(1696) 84 (12.75) (840) 213 (14.15) 0.017

Total (=0.50) 177 (85 10) (86.98) 568 (86 9) 118 (90 08) 1304 (86.64) 0.404

<0.50, >-0.50 25(12.02) 59 (11.64) 99) 9(6.87) 172 (11.43) 0.358

>-0.50 6(2.88) 7(1.38) 12 (W .82) 4(3.05) 29 (1.93) 0.953

*Trend chi-square test was used to analyse the distribution of SE in children aged 3-6 years. SE, spherical equivalent

correlated with AL (fp = —2.39, P<0.001) and LP (f =
—0.50, P<0.001) but positively correlated with the CR
(p=4.10, P<0.001).

Discussion

This is a cohort study on cycloplegia refraction and ocu-
lar biological parameters in preschool children in Beijing,
China. This study reported first-year data and found that

a large proportion of preschool children in Beijing were
mildly hyperopic. Despite this population’s considerably
young age, a certain proportion had myopia; however, the
prevalence was <4%. After COVID-19, the average SE
of preschool children in Beijing was 1.24+0.91 D. Lon-
ger AL and larger AL-to-CR ratio were associated with
older age; the CR was not significantly different between
age groups. In the multiple linear regression analysis, the
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Fig. 1 Age-specific distribution of the SE and refractive states. (A) Line
graph showing age-specific frequency distributions of SE. (B) Bar graph
showing age-specific distributions of the prevalence of refractive status.
SE, spherical equivalent

model including AL, CR, and LP explained 87% of the SE
variation after adjusting for sex and age.

The myopia incidence in the present study was 1.93%. A
kindergarten study in Shenzhen [11] (in southern China)
yielded similar results, with a myopia incidence of 1.3%.
The myopia incidence among Shanghai kindergartens
[15] (on the central coast of China) was 3.7%, which is
significantly higher than our result. Among non-Hispanic
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Whites, the myopia incidence was found to be 1.27%
[16]. The myopia incidence of 6-year-old children in the
Beijing Pinggu Eye Disease Study was 2.5% [17], while
that in our population was 3.05%. Although the incidence
of myopia among school-age children in China is higher
than that in other ethnic groups [18-21], the difference is
not significant in the preschool-age group [11], even after
spending more time at home because of COVID-19 [12,
13]. This suggests that the incidence of myopia in Chi-
nese children rises relatively quickly after commencing
school. Environmental factors, such as the educational
environment and outdoor time, significantly influence
the incidence of myopia in Chinese children [3]. This
study revealed that the myopia incidence in Beijing is
consistent with that in southern China [11, 22] but lower
than that in the central coastal area [15]. This may be
related to varying educational needs and socioeconomic
statuses across different regions.

Hyperopia characterises most refractive states in pre-
school children. However, upon further categorisation
into mild and mild-to-high hyperopia, we found that as
age increased, the number of mild-to-high hyperopia
cases gradually decreased, that of mild hyperopia cases
gradually increased, and that of emmetropia and myopia
cases remained stable. This indicates that in the preschool
stage, the degree of hyperopia declines and gradually
drifts toward mild hyperopia rather than emmetropia or
myopia. Typically, preschoolers develop mild hyperopia
instead of emmetropia. This is consistent with the results
obtained from a one-year follow-up of preschool children
in Shanghai [23].

The SE in this study was 1.24+0.91 D, which was
slightly lower than that of Shanghai (1.43+0.60D) [23]
and Shenzhen (1.37+£0.63D) [11] preschool children
(Table 5). The SE of non-Hispanic Whites was 1.33+1.15
D in children aged 6-72 months [16] and 1.75+0.97 D
in Danish children aged 4.5-7 years [24]. Overall, the
average SE in preschoolers worldwide is that of mild
hyperopia regardless of ethnicity. The SE in this study
was lower than that in most other studies; however, it
should be noted that this study was conducted in late
2021 and early 2022, reflecting the refractive statuses of

Table 4 Linear regression models for spherical equivalent with age, sex, and ocular biometry

Model 1 Model 2 Model 3 Model 4

B P Value B P Value B P Value B P Value
Age 0.15 <0.001 033 <0.001 0.24 <0.001 0.09 <0.001
Sex* -0.24 <0.001 -0.30 <0.001 -0.07 <0.001 -0.14 <0.001
AL (mm) -0.66 <0.001 -149 <0.001 -2.39 <0.001
CR (mm) 2.86 <0.001 410 <0.001
AL-to-CR ratio -8.79 <0.001
Lens power (D) -0.50 <0.001
R’ 0.21 0.51 040 0.87

*Adjusted for age and sex (boys as reference). AL, axial length; CR corneal radius of curvature
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Table 5 Previous studies on refraction and ocular biometric parameters of preschool children
Source Age Sample Ethnicity SE (D) AL (mm) CR (mm)
Size (n)
Present study 4.97+0.78 years 1505 Chinese (northern China)  1.24+091  2224+0.70 7.77+0.26
Dirani et al., 2010 [9] 6-72 months 3009 Singaporean Chinese 069+1.15
Lanetal, 2013 [22] 3-6 years 2480 Chinese (southern China)  142+0.79
Wen et al, 2013 [16] 6-72 months 1501 Non-Hispanic white 133+1.15
1507 Asian children 0.83+1.18
Zhang et al, 2015 [25]; Lu et al, 2016 [26]  10.0£3.3 (4-18years) 5913 Chinese (eastern China) -0.22+206 2345+£120 7.84+027
Guoetal, 2017 [11] 5.0%0.9 years 1133 Chinese (southern China)  1.37+0.63  2239+068 7.79+0.25
Sandfeld et al,, 2018 [24] 68 months 445 Caucasians 1.75+0.97
Zhang et al, 2018 [15] 4.86+0.82 years 2851 Chinese (east China) 120+£1.05 22294073 7.83+0.27
Ma et al,2021 [23] 3-5years 458 Chinese (east China) 143+060 22.19+069 7.84+027

preschool children after COVID-19. No difference in SE
was observed across all ages in this study, exhibiting con-
sistency with findings from Guangzhou [22] and Shang-
hai [15] but not with those from Shenzhen [11], where
a downward trend in the mean SE of children aged 3-6
years was recorded.

SE, spherical equivalent; AL axial length, CR, corneal
radius of curvature.

Our study found that among children aged 3-6 years
of age, the older they were, the longer the AL, the deeper
the ACD, the greater the AL-to-CR ratio, and the smaller
the LP. These findings are consistent with previously
reported developmental patterns in school-aged chil-
dren, marked by axial elongation and LP reductions [26,
27]. The CR was not significantly different between age
groups, demonstrating congruency with the results of the
Shenzhen kindergarten study [11] and Anyang Children’s
Eye Disease Study (6-12 years) [28]. However, previ-
ous studies had been inconsistent. Zhang et al. [25] and
Scheiman et al. [29] found that the CR had a statistical
difference by age. Boys generally have a longer AL and
flatter corneas than girls, which corroborates the findings
of other studies [11, 30].

The AL-to-CR ratio is an effective indicator of myo-
pia, and the optimal diagnostic cutoff value is report-
edly>2.99 [31]. The AL-to-CR ratio in this study was
2.8610.07. In our study, we observed that the AL-to-CR
ratio increased from 2.82+0.06 to 2.89+0.07 from 3 to 6
years of age. Interestingly, these findings are consistent
with the results obtained in the Shenzhen kindergarten
eye study. In their study, they reported an AL-to-CR ratio
of 2.84+0.06 at 3 years of age, which also became greater
with older age, reaching 2.91£0.07 at 6 years of age.

The effectiveness of AL-to-CR ratio in evaluating the
SE was statistically superior to that of AL, explaining
40% of the SE variance. Linear regression demonstrated
that the offset to myopia was 8.79 D for every one-unit
increase in the AL-to-CR ratio. When AL, CR, and
LP were included in the predictive calculation model,
they explained 87% of the SE variance. AL and LP were

negatively correlated with the SE. We observed fluctua-
tions in the mean SE between the ages of 3 and 6. The
SE value at age 3 was +1.18 diopters. Subsequently, there
was a gradual increase to +1.29 diopters at age 4, fol-
lowed by a subsequent decrease to +1.19 diopters at age
6. However, in this study, no age difference in the SE was
noted, a phenomenon that may be due to the limited
age range of 3—6 years; nonetheless, a decrease in LP is
known to compensate for the longer AL with increasing
age, preventing the development of myopia in children
[31-33].

However, our study has certain limitations. First, LP
was calculated instead of being measured. Rozema dem-
onstrated that LP calculated using the Bennett—Rabbetts
formula was comparable to that measured using the
alphabet method in adults with emmetropia and myo-
pia [14]. However, it might not have been suitable for
preschoolers with hyperopia in this study. In addition,
no records of family history, close work hours, screen
use, or time spent outdoors were available to account for
the effects of post-COVID-19 changes in eye-use behav-
iour on refraction and ocular biometric parameters. This
information will be published in subsequent analyses.
Despite these limitations, our results are consistent with
those of the Guangzhou preschool [22] and Shenzhen
kindergarten [11] studies.

Conclusions

We described the first-year data from a cohort study on
refraction and ocular biometric parameters in preschool
children in Beijing. In this population, the majority had
hyperopia, while the proportion of those with myopia
was substantially low. With age, mild-to-moderate hyper-
opia gradually shifted toward mild hyperopia but did
not progress to myopia, exhibiting consistency with the
results of several studies and potentially elucidating the
process of refractive development in children. Changes
in the refractive statuses of preschool children in Beijing
will be observed upon follow-up.
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ACD  Anterior chamber depth
AL Axial length

CR Corneal radius of curvature
LP Lens power

SE Spherical equivalent

Acknowledgements

The authors would like to acknowledge the contribution of the team of eye
physician, school managers, field workers, and teachers. They are grateful

to the children and their parents and guardians who participated in the
study. They thank Tianjin Medical University Eye Hospital, Tongzhou Maternal
and Child Health Hospital of Beijing, and Beijing Tongren Hospital for data
collection, financial support, and data analysis.

Authors’ contributions

Bidan Zhu was the major contributor in writing the manuscript; Bidan Zhu,
Yunyun Sun and Lei Li performed the data analyses. Shana Wang, Xi Qin,
Bidan Zhu, Yunyun Sun participant the survey. Ruihua Wei, Jing Fu and Bei Du
revised the manuscript. All authors reviewed the manuscript. The author(s)
read and approved the final manuscript.

Funding
This work was supported by Tianjin Key Medical Discipline (Specialty)
Construction Project [grant number TJYXZDXK-037 Al.

Data Availability
The data used and/or analysed during the current study are available from the
corresponding author reasonable upon request.

Declarations

Ethics approval and consent to participate

The project conformed to the tenets of the Declaration of Helsinki and
obtained ethical approval from the Ethics Committee of Beijing Tongren
Hospital Affiliated to Capital Medical University (TRECKY2020-152). Before
the examination of each kindergarten, we hold an online parents’meeting to
explain the purpose and methods of the study, as well as the precautions for
cycloplegia. We also obtained the informed consent of parents.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 3 March 2023 / Accepted: 22 August 2023
Published online: 05 September 2023

References

1. Wood IC, Hodi S, Morgan L. Longitudinal change of refractive error in infants
during the first year of life. Eye (Lond). 1995;,9(Pt 5):551-7.

2. Baird PN, Saw SM, Lanca C, Guggenheim JA, Smith lii EL, Zhou X, et al. Myopia
Nat Rev Dis Primers. 2020;6(1):99.

3. SunY,Jin ZB, WeiS§, Jia H, Cao K, Hu J, et al. New loci for refractive errors and
ocular biometric parameters in young chinese Han adults. Sci China Life Sci.
2022,65(10):2050-61.

4. Wang J, Zeng P, Deng XW, Liang JQ, Liao YR, Fan SX, et al. Eye habits affect
the prevalence of asthenopia in patients with myopia. J Ophthalmol.
2022;2022:8669217.

5. Morgan IG, French AN, Ashby RS, Guo X, Ding X, He M, et al. The epidemics of
myopia: aetiology and prevention. Prog Retin Eye Res. 2018;62:134-49.

6. Dong L, Kang YK, LiY, Wei WB, Jonas JB. Prevalence and time trends of myopia
in children and adolescents in china: a systemic review and meta-analysis.
Retina (Philadelphia Pa). 2020;40(3):399-411.

7. Chang L, Pan CW, Ohno-Matsui K, Lin X, Cheung GC, Gazzard G, et al.
Myopia-related fundus changes in Singapore adults with high myopia. Am J
Ophthalmol. 2013;155(6):991-%e1.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 7 of 8

MaY, Lin S, Li L, JiaY, Zou H. Socioeconomic mechanisms of myopia boom in
China: a nationwide cross-sectional study. BMJ Open. 2021;11(6):e044608.
Dirani M, Chan YH, Gazzard G, Hornbeak DM, Leo SW, Selvaraj P, et al.
Prevalence of refractive error in singaporean chinese children: the strabismus,
amblyopia, and refractive error in young singaporean children (STARS) study.
Invest Ophthalmol Vis Sci. 2010;51(3):1348-55.

Chen J, He XG, Wang JJ, Xie H, Du LL, Yang JLX, et al. [Forcasting the preva-
lence of myopia among students aged 6-18 years in China from 2021 to
2030]. Zhonghua yan ke za zhi. 2021,57(4):261-7.

Guo X, Fu M, Ding X, Morgan IG, Zeng Y, He M. Significant axial elon-

gation with minimal change in refraction in 3- to 6-year-old chinese
preschoolers: the Shenzhen Kindergarten Eye Study. Ophthalmology.
2017;124(12):1826-38.

Xu L, MaY,Yuan J, Zhang Y, Wang H, Zhang G, et al. COVID-19 quarantine
reveals that behavioral changes have an effect on myopia progression.
Ophthalmology. 2021;128(11):1652-4.

Ma M, Xiong S, Zhao S, Zheng Z, Sun T, Li C. COVID-19 home quarantine
accelerated the progression of myopia in children aged 7 to 12 years in
China. Invest Ophthalmol Vis Sci. 2021,62(10):37.

Rozema JJ, Atchison DA, Tassignon MJ. Comparing methods to estimate the
human lens power. Invest Ophthalmol Vis Sci. 2011;52(11):7937-42.

Zhang L, He X, Qu X, You X, Wang B, Shi H, et al. Refraction and ocu-

lar biometry of preschool children in Shanghai, China. J Ophthalmol.
2018;2018:5205946.

Wen G, Tarczy-Hornoch K, McKean-Cowdin R, Cotter SA, Borchert M, Lin J, et
al. Prevalence of myopia, hyperopia, and astigmatism in non-hispanic white
and asian children: multi-ethnic pediatric eye disease study. Ophthalmology.
2013;120(10):2109-16.

LiY, Xing Y, Jia C, Ma J, Li X, Zhou J, et al. Beijing Pinggu Childhood Eye Study:
the baseline refractive characteristics in 6- to 12-year-old chinese primary
school students. Front Public Health. 2022;10:890261.

Spillmann L. Stopping the rise of myopia in Asia. Graefes Arch Clin Exp Oph-
thalmol. 2020;258(5):943-59.

Pan CW, Ramamurthy D, Saw SM. Worldwide prevalence and risk factors for
myopia. Ophthalmic Physiol Opt. 2012;32(1):3-16.

YueY, Liu X, Yi S, Liu B, Yi H, Li H. High prevalence of myopia and low hypero-
pia reserve in 4411 chinese primary school students and associated risk
factors. BMC Ophthalmol. 2022;22(1):212.

Xiang ZY, Zou HD. Recent epidemiology study data of myopia. J Ophthalmol.
2020;2020:4395278.

LanW, Zhao F, Lin L, Li Z, Zeng J, Yang Z, Morgan IG. Refractive errors in 3-6
year-old chinese children: a very low prevalence of myopia? PLoS ONE.
2013;8(10):278003.

MaY, Lin S, Morgan IG, Rozema JJ, Iribarren R, Zhu J, et al. Eyes grow towards
mild hyperopia rather than emmetropia in chinese preschool children. Acta
Ophthalmol. 2021;99(8):e1274-80.

Sandfeld L, Weihrauch H, Tubaek G, Mortzos P. Ophthalmological data on 4.5-
to 7-year-old danish children. Acta Ophthalmol. 2018,96(4):379-83.

LuTL, Wu JF, Ye X, Hu YY, Wu H, Sun W, et al. Axial length and associated
factors in children: the Shandong Children Eye Study. Ophthalmologica.
2016;235(2):78-86.

Twelker JD, Mitchell GL, Messer DH, Bhakta R, Jones LA, Mutti DO, et al.
Children’s ocular components and age, gender, and ethnicity. Optom Vis Sci.
2009;86(8):918-35.

Li SM, Li SY, Kang MT, Zhou YH, Li H, Liu LR, et al. Distribution of ocular biom-
etry in 7- and 14-year-old chinese children. Optom Vis Sci. 2015;92(5):566-72.
Zhang YY, Jiang WJ, Teng ZE, Wu JF, Hu YY, Lu TL, et al. Corneal curvature
radius and associated factors in chinese children: the Shandong Children Eye
Study. PLoS ONE. 2015;10(2):e0117481.

Scheiman M, Gwiazda J, Zhang Q, Deng L, Fern K, Manny RE, et al. Longi-
tudinal changes in corneal curvature and its relationship to axial length

in the correction of myopia evaluation trial (COMET) cohort. J Optom.
2016;9(1):13-21.

Jong M, Sankaridurg P, Naduvilath TJ, Li W, He M. The relationship between
progression in axial length/corneal radius of curvature ratio and spherical
equivalent refractive error in myopia. Optom Vis Sci. 2018,95(10):921-9.

He X, Zou H, Lu L, Zhao R, Zhao H, Li Q, et al. Axial length/corneal radius ratio:
association with refractive state and role on myopia detection combined
with visual acuity in chinese schoolchildren. PLoS ONE. 2015;10(2):0111766.
Troilo D. Neonatal eye growth and emmetropisation-a literature review. Eye
(Lond). 1992;6(Pt 2):154-60.



Zhu et al. BMC Ophthalmology (2023) 23:366

33. Rozema J, Dankert S. R. Iribarren. Emmetropization and nonmyopic eye
growth. Surv Ophthalmol. 2023;02(002).

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8



	﻿Refraction and ocular biometric parameters of preschool children in the Beijing whole childhood eye study: the first-year report
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study Design and Population
	﻿Eye Examination
	﻿Definitions
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


