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Abstract
Purpose To understand the ocular biometric parameters characteristics and refractive errors in 3-to 6-year-old 
preschool children in Chengdu, China, and to investigate the prevalence of refractive errors.

Method A school-based cross-sectional study was conducted in Chengdu from 2020 to2022 with a total of 666 
kindergartens. All children were measured by non-cycloplegic autorefraction and uncorrected visual acuity (UCVA) 
and ocular biometric parameters. Finally, univariate linear regression models were used to analyze the relationship 
between ocular biometric parameters and refraction.

Results A total of 108,578 preschool children aged 3–6 underwent examinations, revealing a myopia prevalence 
of 6.1%. The mean axial length (AL), keratometry (K), corneal radius (CR), axial length/corneal radius (AL/CR) Ratio, 
central corneal thickness (CCT), anterior chamber depth (ACD), lens thickness (LT), and vitreous chamber depth (VCD) 
were 22.35 ± 0.69 mm, 43.35 ± 1.58 D, 7.80 ± 0.28 mm, 2.87 ± 0.08, 533.31 ± 32.51 μm, 2.70 ± 0.28 mm, 3.91 ± 0.27 mm, 
and 15.20 ± 0.68 mm, respectively. With increasing age, AL, CR, AL/CR ratio, CCT, ACD, LT, and VCD also increased. 
Regardless of age, males consistently exhibited longer AL, flatter corneal curvature, shallower ACD, thicker CCT, 
thinner LT, and longer VCD compared to females. AL, K, CR, LT, and VCD all showed significant linear relationships with 
SE (all P < 0.001) in univariate linear regression analysis after adjusting for gender and age.

Conclusion The prevalence of myopia among preschool children aged 3–6 in Chengdu is relatively low. Ocular 
biometric parameters affecting refractive errors include AL, K, CR, LT, and VCD. The preschool period serves as a critical 
phase for myopia prevention and control.
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Introduction
The rapid increase in the prevalence of myopia and the 
associated risks of high myopia complications have 
become a focal societal concern. The human eye is a 
complex optical system closely interconnected with com-
ponents such as the tear film, cornea, anterior cham-
ber depth, lens, vitreous, and other refractive elements. 
Throughout the normal process of ocular growth, the 
delicate balance between refractive components, includ-
ing the cornea and lens, and AL, ultimately determines 
the refractive status of the eye [1–4]. In 2020, the Chinese 
National Health Commission released a myopia preva-
lence of 52.7% among children and adolescents in China. 
This rate was significantly higher than that in the Ameri-
cas, Europe, Africa and other economically disadvan-
taged regions [5].According to estimates, approximately 
49.8% of the global population was projected to be myo-
pic, with 9.8% of individuals experiencing high myopia by 
the year 2050 [6].The progression of myopia to high myo-
pia was prone to cause complications, including retinal 
fissures, detachment, and choroidal neovascularization. 
These complications can lead to permanent visual dam-
age, making myopia a major contributing factor to visual 
impairment and blindness [7].

In recent years, myopia has shown a trend of high 
incidence and onset at younger ages in children and 
adolescents. Experts and scholars believed that the criti-
cal point for myopia prevention and control should be 
extended to include preschool children. They emphasize 
the importance of early intervention, including examina-
tions to assess hyperopia reserve. Additionally, objective 
evaluation of refractive status can be achieved through 
ocular biometric parameters such as axial length (AL), 
axial length/corneal radius (AL/CR) Ratio, and lens 
power (LP) [8–11]. Therefore, the prevention and con-
trol of myopia are urgent, especially when considering 
preschool children who are in a sensitive period of visual 
development.

Currently, cycloplegic refraction is internationally rec-
ognized as the gold standard for diagnosing myopia [12]. 
However, due to its time-consuming nature and potential 
short-term side effects such as myopic blur and photo-
phobia, as well as children’s resistance to eye drops and 
parental concerns about potential side effects, it is not 
recommended as the preferred method for large-scale 
myopia screening in children and adolescents. Uncor-
rected visual acuity (UCVA) testing is widely used world-
wide for screening myopia in children and adolescents, 
although UCVA testing is simple and rapid, it cannot 
differentiate between refractive errors [13]. Addition-
ally, non-cycloplegic refraction can lead to overestima-
tion of myopia prevalence [14]. Therefore, the Chinese 
National Health Commission recommends the rapid 
and convenient methods such as UCVA testing and 

non-cycloplegic autorefraction for screening potential 
myopia in children and adolescents. Thus, this study will 
also adopt non-cycloplegic autorefraction and UCVA 
together to define myopia.

However, there was limited data on ocular biometric 
parameters and refractive errors in preschool children. 
Chengdu, located in the southwestern part of China, 
is one of the largest and most significant cities in the 
region. This study focuses on preschool children aged 
3–6 in Chengdu. By analyzing the relationship between 
ocular biometric parameters and refractive errors, the 
research aims to further elucidate the patterns of ocular 
growth, and refractive status changes in preschool chil-
dren. Additionally, the study seeks to compare differences 
among parameters such as age and gender. Finally, the 
evaluation of ocular biometric parameters in preschool 
children aged 3–6 aims to assess their role in monitoring 
refractive errors. The hope is that this research will con-
tribute to the efforts in myopia prevention and provide 
assistance in this regard.

Methods
Study design and population
This study was a population-based cross-sectional 
research conducted in kindergartens in Chengdu from 
2020 to 2022. We employed a stratified random cluster 
sampling method and selected a total of 666 kindergar-
tens, involving 108,578 participants. Inclusion criteria 
comprised: (1) preschool students enrolled in kinder-
gartens in Chengdu; (2) aged between 3 and 6 years. 
Exclusion criteria encompassed: (1) patients with vari-
ous types of glaucoma, corneal diseases, lens disorders, 
retinal diseases, optic nerve diseases, etc.; (2) participants 
with amblyopia, strabismus, significant anisometropia, or 
severe visual functional impairment; (3) participants with 
entropion, severe conjunctivitis, and the like; (4) partici-
pants with poor compliance, mental illness, or cognitive 
disorders. This study received approval from the Ethics 
Committee of Chengdu University of Traditional Chi-
nese Medicine Ineye Hospital(2019yh-007). All research 
methods adhered to the principles outlined in the “Dec-
laration of Helsinki”. Prior to conducting the study, the 
objectives and methods were presented to the princi-
pals, teachers, and parents of the participating schools to 
obtain informed consent, and signatures were obtained 
accordingly.

Eye examination
With the assistance of the Chengdu Education Bureau 
and Health Bureau, Chengdu Traditional Chinese Medi-
cine University Ineye Hospital collected student informa-
tion in advance. This information included school type, 
school name, grade, class, name, gender, age, ID num-
ber, and guardian’s phone number. An eye health record 



Page 3 of 11Mu et al. BMC Ophthalmology          (2024) 24:207 

was established through the Eye Health Records System, 
containing all student information and a unique identi-
fication code. The examination results were transmitted 
using this identification code.

The research team consisted entirely of ophthalmolo-
gists, optometrists, and ophthalmic nurses, all of whom 
have undergone standardized training. All study subjects 
underwent ophthalmic examinations, including uncor-
rected visual acuity (UCVA), corrected visual acuity with 
glasses, non-cycloplegic autorefraction, and ocular bio-
metric parameter assessments. Each student underwent 
an uncorrected visual acuity test using the international 
standard visual acuity chart for the E letter (GB11533-
2011). If glasses were worn, visual acuity with glasses was 
also assessed. The autorefraction (model RM-800; Top-
con, Tokyo, Japan) was used to measure non-cycloplegic 
autorefraction. Three measurements were taken for each 
eye, and the spherical difference between any two mea-
surements was required to be < 0.5 D; otherwise, addi-
tional measurements were performed, and the average 
of valid measurements was recorded as the final result. 
Ocular biometric parameters were conducted using the 
SUOER Ophthalmic Optical Biometer (SW-9000, Tian-
jin Shisuowei Electronic Technology Co., Ltd). Each eye 
underwent three measurements, with the instrument 
automatically checking the quality of each measurement. 
If a measurement was deemed inadequate, additional 
measurements were taken. The average of the three test 
results was calculated and recorded as the outcome.

Definitions
The prevalence of refractive errors was determined 
using spherical equivalent (SE) based on non-cycloplegic 
autorefraction and uncorrected visual acuity (UCVA) 
values [15]. The following definitions and classifications 
were employed: Myopia was defined as non-cycloplegic 
SE ≤ -0.50 D + UCVA > 0.3 log MAR (age 3), > 0.2 log 
MAR (ages 4–5), > 0 log MAR (age ≥ 6) [16, 17]. Hypero-
pia: SE ≥ + 0.50 D; values below this threshold were con-
sidered emmetropia.

Statistical analysis
The data processing and analysis were conducted using 
SPSS software (version 26.0, Chicago, IL, USA). Con-
tinuous variables that follow a normal distribution were 
described as x̄± s , while those that do not follow a 
normal distribution were described as M (P25, P75). 
Independent sample t-tests were used for comparisons 
between two groups, and one-way analysis of variance 
(ANOVA) was used for multiple group comparisons. 
Categorical variables were presented as n (%), and dif-
ferences between two groups (or multiple groups) were 
assessed using the chi-square test (or Fisher’s exact 
test when conditions for R×C were not met). For the 

comparison of ordinal data among multiple groups, the 
Kruskal-Wallis H test was employed. In cases where the 
normality assumption was not met, the Mann-Whitney 
test was used for comparisons. Univariate linear regres-
sion analysis was performed to analyze the correla-
tion between spherical equivalent (SE) and age, gender, 
and ocular biometric parameters. The significance level 
was set at α = 0.05. Given the high correlation (r = 0.88) 
between the SE of the left and right eyes, the analysis in 
this study focused on the right eye.

Results
A total of 108,578 children participated in this study, with 
666 kindergartens ultimately completing the examina-
tions for uncorrected visual acuity (UCVA), corrected 
visual acuity with glasses, non-cycloplegic autorefraction, 
and ocular biometric parameters. Among them, 55,326 
were boys (51.0%), and 53,252 were girls (49.0%). Addi-
tionally, there were 19,421, 35,614, 37,115, and 16,428 
participants aged 3, 4, 5, and 6 years, respectively. The 
average age was 4.47 ± 0.953 years.

The M (P25, P75) of spherical equivalent (SE) for 
preschool children aged 3–6 was 0.25(0,0.625) D in 
Chengdu. The SE respectively was 0.25(-0.125,0.625) D, 
0.25(0,0.625) D, 0.25(0,0.625) D, and 0.25(-0.125,0.5) D, at 
ages 3, 4, 5, and 6. Overall SE and SE stratified by gender 
showed statistically significant differences (all P < 0.01). 
Additionally, there was a statistically significant differ-
ence in SE between genders in the overall group and at 
age 5 (all P < 0.05). However, no statistically significant 
differences in SE between genders were observed at ages 
3, 4, and 6 (all P > 0.05) (Table 1).

The age and gender distribution of ocular biometric 
parameters was presented in Table  1; Fig.  1. The aver-
age for AL, CR, AL/CR ratio, CCT, ACD, and VCD 
were 22.35 ± 0.69  mm, 7.80 ± 0.28  mm, 2.87 ± 0.08, 
533.31 ± 32.51 μm, 2.70 ± 0.28 mm, and 15.20 ± 0.68 mm, 
respectively. Boys had longer AL, CR, AL/CR ratio, 
CCT, ACD, and VCD compared to girls, and these dif-
ferences were statistically significant in all age groups (all 
P < 0.001). With increasing age, both overall and gender-
stratified for AL, CR, AL/CR ratio, CCT, ACD, and VCD 
showed a general increasing trend (all P < 0.001), with no 
statistically significant differences in CR at ages 5 and 6, 
in CCT at ages 3 and 4 (all P > 0.05). The average of K and 
LT were 43.35 ± 1.58 D and 3.91 ± 0.27 mm, respectively. 
In all age groups, boys had smaller K and LT compared 
to girls, indicating that boys had flatter corneal curvature, 
and these differences were statistically significant (all 
P < 0.001). With increasing age, both overall and gender-
stratified K and LT generally showed a decreasing trend 
(all P < 0.001), with no statistically significant differences 
in K at ages 3 and 4, 5 and 6 (P > 0.05).
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The distribution of refractive errors across different 
age groups was presented in Table  2; Fig.  2. A total of 
6,619 children (6.1%) were diagnosed with myopia, with 
a myopia prevalence of 6.1% (1,177/19,421) at 3 years old, 
7.4% (2,628/35,614) at 4 years old, 4.2% (1,542/37,115) 
at 5 years old, and 7.7% (1,272/16,428) at 6 years old, 
and the myopia prevalence differed significantly across 

various age groups (P < 0.001). However, there were no 
statistically significant differences in myopia prevalence 
between genders in the overall children and within each 
age group (all P > 0.05). On the other hand, 38,846 chil-
dren (35.8%) were diagnosed with hyperopia and the 
prevalence of hyperopia varied significantly across dif-
ferent age groups (P < 0.001). A total of 63,113 children 

Table 1 Refractive and ocular biometric characteristics in 3-to 6-year-old preschool children
Characteristic 3y 4y 5y 6y total P
SE
Female 0.25(-0.125,0.625) 0.375(0,0.625) 0.25(0,0.625) 0.25(-0.125,0.625) 0.25(0,0.625) < 0.001
Male 0.25(-0.125,0.625) 0.25(-0.125,0.625) 0.25(0,0.5) 0.25(-0.125,0.5) 0.25(-0.125,0.625) < 0.001
Total 0.25(-0.125,0.625) 0.25(0,0.625) 0.25(0,0.625) 0.25(-0.125,0.5) 0.25(0,0.625) 0.002
P 0.061 0.063 0.017 0.045 < 0.001
AL
Female 21.76 ± 0.58 21.99 ± 0.59 22.22 ± 0.62 22.38 ± 0.63 22.09 ± 0.64 < 0.001
Male 22.26 ± 0.59 22.51 ± 0.61 22.74 ± 0.63 22.91 ± 0.63 22.60 ± 0.65 < 0.001
Total 22.01 ± 0.63 22.25 ± 0.65 22.49 ± 0.67 22.65 ± 0.68 22.35 ± 0.69 < 0.001
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
K
Female 43.80 ± 1.53 43.76 ± 1.52 43.67 ± 1.53 43.69 ± 1.58 43.73 ± 1.53 < 0.001
Male 43.07 ± 1.50 43.02 ± 1.53 42.95 ± 1.53 42.96 ± 1.55 42.99 ± 1.53 < 0.001
Total 43.43 ± 1.56 43.38 ± 1.57 43.30 ± 1.57 43.31 ± 1.61 43.35 ± 1.58 < 0.001
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
CR
Female 7.71 ± 0.27 7.72 ± 0.27 7.74 ± 0.27 7.74 ± 0.28 7.73 ± 0.27 < 0.001
Male 7.85 ± 0.28 7.86 ± 0.28 7.87 ± 0.28 7.87 ± 0.28 7.86 ± 0.28 < 0.001
Total 7.78 ± 0.27 7.79 ± 0.28 7.805 ± 0.29 7.804 ± 0.28 7.80 ± 0.28 < 0.001
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
AL/CR ratio
Female 2.82 ± 0.08 2.85 ± 0.08 2.87 ± 0.08 2.89 ± 0.08 2.86 ± 0.08 < 0.001
Male 2.84 ± 0.08 2.87 ± 0.08 2.89 ± 0.08 2.91 ± 0.09 2.88 ± 0.08 < 0.001
Total 2.83 ± 0.08 2.86 ± 0.08 2.88 ± 0.08 2.90 ± 0.08 2.87 ± 0.08 < 0.001
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
CCT
Female 529.04 ± 32.66 530.07 ± 31.65 532.28 ± 31.70 534.67 ± 31.68 531.32 ± 31.91 < 0.001
Male 532.97 ± 33.98 533.39 ± 32.47 536.53 ± 32.62 538.74 ± 33.10 535.22 ± 32.96 < 0.001
Total 531.02 ± 33.39 531.75 ± 32.11 534.45 ± 32.24 536.79 ± 32.49 533.31 ± 32.51 < 0.001
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
ACD
Female 2.55 ± 0.27 2.61 ± 0.26 2.68 ± 0.26 2.74 ± 0.26 2.64 ± 0.27 < 0.001
Male 2.67 ± 0.28 2.73 ± 0.27 2.79 ± 0.27 2.86 ± 0.27 2.76 ± 0.27 < 0.001
Total 2.61 ± 0.28 2.67 ± 0.27 2.73 ± 0.27 2.80 ± 0.27 2.70 ± 0.28 < 0.001
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
LT
Female 4.04 ± 0.28 3.97 ± 0.26 3.89 ± 0.26 3.83 ± 0.25 3.93 ± 0.27 < 0.001
Male 4.00 ± 0.28 3.93 ± 0.27 3.85 ± 0.26 3.79 ± 0.25 3.89 ± 0.28 < 0.001
Total 4.02 ± 0.28 3.95 ± 0.27 3.87 ± 0.26 3.81 ± 0.25 3.91 ± 0.27 < 0.001
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
VCD
Female 14.64 ± 0.58 14.88 ± 0.59 15.12 ± 0.61 15.28 ± 0.63 14.98 ± 0.64 < 0.001
Male 15.06 ± 0.59 15.32 ± 0.61 15.56 ± 0.63 15.72 ± 0.63 15.42 ± 0.65 < 0.001
Total 14.85 ± 0.62 15.10 ± 0.64 15.34 ± 0.66 15.51 ± 0.67 15.20 ± 0.68 < 0.001
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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Fig. 1 Trends in the ocular biometric parameters between female and male among different age groups. a. Trends in the AL among different age groups; 
b. Trends in the K among different age groups; c. Trends in the CR among different age groups; d. Trends in the AL/CR ratio among different age groups; 
e. Trends in the CCT among different age groups; f. Trends in the ACD among different age groups; g. Trends in the LT among different age groups; h. 
Trends in the VCD among different age groups
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(58.1%) were emmetropic, and the prevalence of emme-
tropia differed significantly across various age groups 
(P < 0.001).

The distribution of ocular biometric parameters across 
different refractive status was presented in Table  3. 
The average of AL with hyperopia, emmetropia, and 
myopia were 22.26 ± 0.70  mm, 22.39 ± 0.67  mm, and 
22.47 ± 0.80  mm, respectively, and there was a statisti-
cally significant difference in AL (P < 0.001).The aver-
age of K with hyperopia, emmetropia and myopia were 
43.32 ± 1.55 D, 43.36 ± 1.59 D, and 43.47 ± 1.61 D, there 
was a statistically significant difference in K (P < 0.001). 
The average of AL/CR ratio with hyperopia, emmetropia 
and myopia were 2.86 ± 0.08, 2.87 ± 0.08, and 2.89 ± 0.10, 
and the differences in AL/CR ratio were statistically sig-
nificant (P < 0.001). The average of CCT with hypero-
pia, emmetropia, and myopia were 533.18 ± 32.74  μm, 
533.39 ± 32.28  μm and 533.21 ± 33.28  μm, and there was 
no statistically significant difference in CCT (P > 0.05). 
The average of ACD with hyperopia, emmetropia 
and myopia were 2.70 ± 0.28  mm, 2.70 ± 0.28  mm and 
2.71 ± 0.30 mm, and there was no statistically significant 

Table 2 Distribution of prevalence of refractive errors in 3-to 6-year-old preschool children
Characteristic 3y 4y 5y 6y total P
N 19,421 35,614 37,115 16,428 108,578
Hyperopia
Total 7016(36.1) 13,019(36.6) 13,172(35.5) 5639(34.3) 38,846(35.8) < 0.001
Female 3507(36.4) 6602(37.6) 6517(35.9) 2802(35.6) 19,428(36.5) 0.002
Male 3509(35.9) 6417(35.5) 6655(35.1) 2837(33.2) 19,418(35.1) < 0.001
P 0.485 < 0.001 0.15 0.001 < 0.001
Emmetropia
Total 11,228(57.8) 19,967(56.1) 22,401(60.4) 9517(57.9) 63,113(58.1) < 0.001
Female 5565(57.7) 9683(55.1) 10,898(60) 4458(56.6) 30,604(57.5) < 0.001
Male 5663(57.9) 10,284(57) 11,503(60.7) 5059(59.1) 32,509(58.8) < 0.001
P 0.772 0.001 0.125 0.001 < 0.001
Myopia
Total 1177(6.1) 2628(7.4) 1542(4.2) 1272(7.7) 6619(6.1) < 0.001
Female 571(5.9) 1273(7.3) 761(4.2) 615(7.8) 3220(6.0) < 0.001
Male 606(6.2) 1355(7.5) 781(4.1) 657(7.7) 3399(6.1) < 0.001
P 0.42 0.359 0.761 0.759 0.505

Table 3 The relationship between refractive errors and ocular biometric parameters
Characteristic hyperopia emmetropia myopia total P
N 38,846 63,113 6619 108,578 < 0.001
SE 0.625(0.5,0.875) 0.125(-0.125,0.25) -1.0(-1.5,-0.625) 0.25(0,0.625) < 0.001
AL 22.26 ± 0.70 22.39 ± 0.67 22.47 ± 0.80 22.35 ± 0.69 < 0.001
K 43.32 ± 1.55 43.36 ± 1.59 43.47 ± 1.61 43.35 ± 1.58 < 0.001
CR 7.80 ± 0.28 7.79 ± 0.28 7.78 ± 0.29 7.80 ± 0.28 < 0.001
AL/CR 2.86 ± 0.08 2.87 ± 0.08 2.89 ± 0.10 2.87 ± 0.08 < 0.001
CCT 533.18 ± 32.74 533.39 ± 32.28 533.21 ± 33.28 533.31 ± 32.51 0.585
ACD 2.70 ± 0.28 2.70 ± 0.28 2.71 ± 0.30 2.70 ± 0.28 0.001
LT 3.89 ± 0.27 3.92 ± 0.27 3.95 ± 0.30 3.91 ± 0.27 < 0.001
VCD 15.14 ± 0.68 15.23 ± 0.66 15.27 ± 0.80 15.20 ± 0.68 < 0.001

Fig. 2 Bar graph showing distributions of the prevalence of refractive 
error among different age groups

 



Page 7 of 11Mu et al. BMC Ophthalmology          (2024) 24:207 

difference in ACD between the hyperopia and the emme-
tropia group (P > 0.05), while the myopia group had 
statistical significance compared to the hyperopia and 
emmetropia groups (P < 0.001). The average of LT with 
hyperopia, emmetropia and myopia were 3.89 ± 0.27 mm, 
3.92 ± 0.27  mm, and 3.95 ± 0.30  mm, and the difference 
in LT was statistically significant (P < 0.001). The average 

of VCD with hyperopia, emmetropia and myopia was 
15.14 ± 0.68  mm, 15.23 ± 0.66  mm, and 15.27 ± 0.80  mm, 
and the difference in VCD was statistically significant 
(P < 0.001).

Pearson correlation analysis revealed that SE was 
positive correlated with CR (r = 0.025, P < 0.001). On the 
other hand, SE showed negatively correlation with AL, 
K, AL/CR ratio, LT and VCD (r = -0.153, -0.026,-0.195,-
0.085 and − 0.122, all P < 0.001). There was no correlation 
between SE and CCT, ACD (P > 0.05)(Fig. 3).

Table 4 summarizes the results of the univariate linear 
regression models for ocular biometric parameters and 
SE. After adjusting for gender and age, AL, K, CR, LT, 
and VCD all showed significant linear relationships with 
SE (β = -0.226, -0.015, 0.083, -0.258, -0.178; all P < 0.001), 
while there were no significant linear relationships 
between CCT and ACD with SE (all P > 0.05).

Table 4 Linear regression coefficients with 95% confidence 
interval for SE and ocular biometry (control for age and gender)
Parameters β 95%CI P value
AL -0.226 -0.234 to -0.219 < 0.001
K -0.015 -0.018 to -0.012 < 0.001
CR 0.083 0.065 to 0.100 < 0.001
CCT 0.000 0.000 to 0.000 0.082
ACD -0.002 -0.019 to 0.016 0.865
LT -0.258 -0.276 to -0.241 < 0.001
VCD -0.178 -0.185 to -0.170 < 0.001
Age and gender were controlled in the analysis

SE: spherical equivalent; AL: axial length; K: keratometry; CR: corneal curvature 
radius; CCT: center cornea thickness; ACD: anterior chamber depth; LT: lens 
thickness; VCD: vitreous chamber depth;

Fig. 3 The correlation between SE and ocular biometric parameters
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Discussion
This study investigated the distribution and developmen-
tal patterns of ocular biometric parameters and refrac-
tive status in preschool children with respect to age and 
gender in Chengdu, China. The results of the study indi-
cated that the prevalence of myopia was relatively low 
among preschool children aged 3–6 in Chengdu (6.1%). 
Furthermore, as age increases, the prevalence of myopia 
remained relatively stable. With advancing age, children 
exhibit varying degrees of changes in ocular biometric 
parameters such as AL, CR, ACD, CCT, LT, and VCD, 
suggesting a close association between these parameters 
and the developmental processes of children’s eyes. Addi-
tionally, the study identified gender differences in these 
ocular biometric parameters, with boys showing signifi-
cant variations from girls in certain parameters. This was 
crucial for understanding the normal developmental pro-
cesses of the eyes in preschool children and the impact of 
gender on ocular biometric parameters.

In this study, the prevalence of myopia among pre-
school children aged 3–6 in Chengdu was 6.1% (non-
cycloplegia), similar to the myopia prevalence among 
children aged 4–6 in Shanghai, China, which was 5.9% 
(non-cycloplegia) [18]. However, the prevalence of 
myopia among children aged 3–6 in Beijing was 1.93% 
(post-cycloplegia) [19], it was 1.3% in Shenzhen(post-
cycloplegia) [20], and it was 3.7% in Shanghai(post-cyclo-
plegia) [21]. Additionally, the myopia prevalence among 
non-Hispanic White and Asian children aged 0.5-6 years 
was 1.20% and 3.98% (post-cycloplegia) [22], which were 
significantly lower than the findings of our study. A study 
involving 6-year-old children from Hong Kong reported 
a myopia prevalence of 17.6% (non-cycloplegic) [23]. The 
above-mentioned studies collectively suggest a relatively 
low prevalence of myopia among preschool children. It 
also indicates that the myopia prevalence may be influ-
enced by factors such as measurement methods (cyclo-
plegia, etc.), diagnostic criteria, geographical location, 
and ethnic/racial differences.

Furthermore, research indicated that the prevalence 
of myopia in 5-year-old children was significantly lower 
compared to those aged 3, 4, and 6 years, and it has also 
been verified in a number of studies in Chengdu, Guang-
zhou, and other places. In a study involving children aged 
3 to 6 in Chengdu, results from non-cycloplegic refrac-
tion screening indicated a lower prevalence of myo-
pia among 5-year-olds compared to other age groups 
[16]. Similarly, a cross-sectional study using cycloplegic 
refraction in Guangzhou demonstrated comparable find-
ings [24]. However, some studies have shown a contrary 
trend, with two cycloplegic refraction studies in Shanghai 
showing that the prevalence of myopia increases with age 
in preschool children aged 3 to 6 years [21, 25]. Addition-
ally, a cycloplegic refraction study in Beijing revealed an 

increase in myopia prevalence among children aged 4 to 
6 with increasing age [19]. Overall, while the prevalence 
of myopia among preschool children aged 3 to 6 is gen-
erally low and relatively stable, differences in study out-
comes across different locations may be influenced by 
sample size and study methodological factors such as 
cycloplegia.

The results of this study indicated that the prevalence 
of hyperopia among children aged 3–6 in Chengdu was 
35.8% (non-cycloplegic), which was significantly lower 
compared to the hyperopia prevalence in Beijing and 
Shenzhen (cycloplegic, 85.1%, 93.4%) [19]. The substan-
tial difference in hyperopia prevalence between this study 
and others may be related to the non-cycloplegic refrac-
tion. In recent years, many scholars have emphasized the 
significance of hyperopic reserve in controlling myopia 
in children. They proposed that the increased duration 
of near-distance visual activities in children prematurely 
depletes their physiological hyperopia, accelerated the 
“emmetropization” process, led to insufficient hyperopic 
reserve, and resulted in the early onset of myopia [26]. A 
2-year longitudinal study by Zadnik et al. [27] on 4,512 
children aged 6–11 in the United States, evaluating 13 
myopia risk factors, ultimately found an increased risk 
of myopia in children with hyperopia less than + 0.75 D. 
This prediction allowed clinicians and scientists to assess 
the risk of myopia in children using simple and practical 
measures.

This study indicated that in preschool children aged 
3–6, older children tend to have longer AL, generally lon-
ger CR, deeper ACD, thicker CCT, thinner LT, and VCD. 
The growth and development patterns of these ocular 
biometric parameters were consistent with previous liter-
ature [19, 20]. The results aligned with the characteristic 
of a relatively rapid increase in AL during the preschool 
period of 3–6 years, similar to findings in other studies 
[17]. This was primarily due to this stage being a critical 
period for eye development, where various components 
of the eye were undergoing rapid growth and develop-
ment, including the gradual increase in AL. Studies have 
indicated a negative correlation between AL and K [28]. 
In the progression of myopia within a certain range of 
AL growth, the cornea can compensate for the effects of 
AL growth on myopia through changes in curvature, pre-
venting further progression of myopia [29]. A prospective 
cohort study [30]found that in both the overall group and 
the sustained myopia group, the growth and develop-
ment of the eyeball showed continuous increases in AL, 
consistent with the findings in this study for 3–6 years, 
and a continued thinning of LT from 3 to 11 years, fol-
lowed by an increase in LT after 11 years. This suggested 
age-related differences in the growth patterns of the lens.

The AL/CR ratio was the ratio of the axial length to 
the average corneal radius, which served as a parameter 
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for assessing the risk and progression patterns of myo-
pia. The AL/CR ratio greater than 3 was ultimately con-
sidered a high-risk indicator for the progression from 
emmetropia to myopia [31, 32]. According to existing 
literature, studies conducted in locations such as Shang-
hai, Shenzhen, Nanjing, and Anyang, Henan, have con-
sistently observed a positive correlation between AL/CR 
ratio and age, with males exhibiting higher ratios than 
females. This trend was observed across all age groups 
studied [33–37], aligning with the findings of this study. 
This study indicated that in preschool children aged 3–6 
years, the AL/CR ratio increased with age, rising from 
2.83 ± 0.08 to 2.90 ± 0.08. These values closely resembled 
the results obtained in studies of preschool children 
aged 3–6 years in Beijing and Shenzhen [19, 20]. Some 
scholars have noted that using AL/CR ratio alone for pre-
dicting myopia in the 3–5 age group may be relatively 
inaccurate. For preschool children, it is recommended to 
use AL/CR ratio or a combination of AL and non-cyclo-
plegic autorefraction to enhance accuracy [38].

ACD was a crucial component of AL. In this study, 
ACD deepened with increasing age (P < 0.001), con-
sistent with findings from other studies [39, 40]. The 
data also indicated that eyes with longer AL (indicat-
ing higher myopia severity) tend to have deeper ACD 
and thinner LT. In myopic patients, the increased depth 
of ACD may result from geometric scaling during the 
process of AL growth [41].As age increases, VCD elon-
gates (P < 0.001), with males exhibiting greater VCD than 
females (P < 0.001), aligning with established patterns of 
ocular growth and development [42, 43]. This was likely 
a consequence of the continuous elongation of the eye 
axis, where the elongation of the vitreous chamber was 
a major contributor, and AL showed a strong correlation 
with VCD [44, 45].

Furthermore, this study observed gender differences in 
ocular biometric parameters among preschool children. 
Typically, males showed significantly larger AL, CR, AL/
CR ratio, CCT, ACD, and VCD compared to females, 
while females exhibited larger K and LT than males. Sim-
ilar gender differences in ocular parameters have been 
reported in epidemiological data from countries such as 
Japan [46], Singapore [47], Germany [48], supporting the 
consistency of this observation.

This study observed a thickening trend in CCT with 
increasing age, while there was no significant differ-
ence in CCT changes among refractive groups. Some 
researchers have reported a positive correlation between 
CCT and SE [49], while others have found thinner CCT 
in individuals with myopia [50]. Other studies, consistent 
with the results of this research, concluded that there was 
no correlation between CCT and SE [51–53]. Addition-
ally, Zhou et al. [54] discovered a negative correlation 
between CCT and the progression rate of myopia (or 

SE) and AL elongation rate. Children with thinner CCT 
exhibited a faster rate of myopia progression and AL 
growth. Thus, CCT appeared to be a potential risk factor 
for myopia.

This study had several strengths. Firstly, the study 
included a large sample size comprising exclusively pre-
school children from Chengdu. Secondly, there was a 
relative scarcity of reports on ocular biometric param-
eters and refractive errors in preschool children aged 3–6 
years both domestically and internationally. This study 
helped fill this gap in the literature. However, there were 
some limitations to consider. Firstly, due to constraints in 
time and location, we did not employ cycloplegic autore-
fraction, which could compromise the accuracy of refrac-
tive error measurements. As preschool children were in 
a developmental stage with strong accommodative abil-
ity, uncorrected refractive error can lead to an increase 
in myopia and a decrease in hyperopia after ciliary 
muscle paralysis. Therefore, non-cycloplegic refractive 
error measurements may result in an underestimation of 
hyperopia. Secondly, this study was cross-sectional, and 
as such, it cannot assess the changes in refractive param-
eters before the onset of myopia in preschool children. 
In future research, we plan to strengthen longitudinal 
cohort studies to dynamically track changes in refrac-
tive parameters, providing a more accurate and scientific 
understanding of high-risk populations for myopia. This 
will contribute to the development of effective scientific 
foundations for preventing and controlling the occur-
rence and progression of myopia.

Conclusions
In summary, our study provided clear data on refractive 
and ocular biometric characteristics, as well as the preva-
lence of refractive errors, in preschool children aged 3–6 
years in Chengdu, China. The prevalence of myopia in 
preschool children in Chengdu was relatively low. Ocular 
biometric parameters affecting refractive errors included 
AL, K, CR, LT and VCD. Among preschool children aged 
3–6 years, older children tended to have longer AL, gen-
erally longer CR, deeper ACD, thicker CCT, LT, and lon-
ger VCD. Additionally, gender differences exist in ocular 
biometric parameters in this age group.
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