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INTRO DUC TIO N

In China, eye care in children has been developing continu-
ously since the 1980s, and children between 0 and 18 years 

of age receive care. Maternal and child health institutions 
are the main entities providing eye care and vision exami-
nations aimed at the early detection of common eye dis-
eases and vision problems in children, and when needed, 
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Abstract
Purpose: To conduct a large retrospective study of screening refractive error in 
young children.
Methods: This retrospective study included children aged from 4 months to 
8 years in Daxing District, Beijing, who underwent refractive examinations without 
cycloplegia. It included a cross- sectional assessment of refractive error screening 
for all children, and a longitudinal component for a subgroup with data available 
for two to five visits.
Results: A total of 14,987 children were included in the cross- sectional study. In 
the group <1 year of age, the percentage of children with a spherical equivalent 
(SE) >+2.00 D or with cylinder <−1.50 D was 15.25% and 33.24%, respectively. 
These were significantly higher than for the 1-  to 4- year- old group (SE 8.1% higher, 
cylinder 13.2% higher) (χ2 = 53.57, p < 0.001; χ2 = 790.39, p < 0.001). Furthermore, 
34.83% of children in the 0- year- old group had amblyopia risk factors (ARFs). In 
the 4- year- old group, boys had a significantly longer axial length (AL) than girls 
(differences in the right and left eyes were 0.53 and 0.56 mm, respectively; z = 5.48 
p < 0.001, z = 5.80, p < 0.001). AL increased with age, while the AL difference be-
tween boys and girls remained stable at 4–8 years of age. The percentage of chil-
dren aged 5–8 years with myopia in 2020–2021 was significantly higher than that 
in 2018–2019 (H = 12.44, p = 0.006). In the longitudinal study of 4406 children (up 
to 12- month follow- up), annual changes in SE were −0.27, −0.06, 0.19 and 0.13 D 
between 0 and 3 years, and −0.38, −0.58, −0.70 and −0.75 D between 5 and 8 years.
Conclusions: Children's refractive error varied significantly from ages 4 months 
to 1 year, with a high proportion having ARFs. Children aged 5–8 years showed a 
trend towards myopia. The prevalence of myopia in the cross- sectional analysis in 
2020–2021 was greater than in 2018–2019. Screening refraction changed minimally 
over a 12- month period for children aged 1–3 years, but became more myopic for 
children aged 5–8 years.
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timely referral and intervention. Among these tasks, refrac-
tive error screening is a primary focus of eye care efforts, 
with the purpose of preventing myopia and early detec-
tion of amblyopia caused by refractive error. Myopia is a 
common cause of vision reduction. Studies have shown 
that myopia and high myopia will increase substantially 
worldwide, affecting 5 billion and 100 million people, re-
spectively, by 2050,1 especially in Asia,2 while the myopia 
rate in China will increase with age.3 In the field of eye care, 
particularly in the evaluation of ocular development and 
refractive error, it is important to assess axial length (AL), 
particularly in patients with myopia.4 Furthermore, am-
blyopia is one of the main causes of visual impairment in 
children, and early treatment is likely to produce a better 
treatment outcome.5 Indeed, significant refractive error is 
a common cause of amblyopia.6 Universal screening for 
refractive error in community- based children in China is 
usually performed without cycloplegia. The Welch Allyn 
Spot Vision Screener (hillr om. com) is a device that is often 
used for screening refractive errors without cycloplegia,7,8 
although it may underestimate spherical hyperopia.9 Errors 
in screening refractive errors are larger in children with 
higher amounts of hyperopia, where differences of up to 
4.00 D may be found.9,10 Therefore, it is particularly impor-
tant to evaluate the error in data derived from community- 
based screening without cycloplegia.

In this study, a large sample of children between 
4 months and 8 years of age in the Daxing District of Beijing 
was included. This study focused on screening for refrac-
tive errors without cycloplegia. Analysing the results can 
help understand the characteristics of and trends in ocular 
development. This analysis provides a crucial foundation 
for the early detection and timely intervention of abnormal 
refractive development in children, serving as a significant 
reference point.11

M ETH O DS

Subjects and methods

This was a retrospective study screening for refractive error. 
The results of infants and children aged from 4 months to 
8 years who received eye care and vision examinations 
in the Department of Ophthalmology of Beijing Daxing 
Maternal and Child Health Hospital from January 2018 to 
October 2021 were analysed. Children with ocular condi-
tions (such as congenital glaucoma and congenital cata-
racts) who had been examined by an ophthalmologist and 
for whom refractive results were not available were ex-
cluded. Participants were grouped according to age when 
examined as follows: 0- year- old group (<1 year of age), 
1- year- old group (between 1 and 2 years of age), 2- year- old 
group (between 2 and 3 years of age), 3- year- old group 
(between 3 and 4 years of age), 4- year- old group (between 
4 and 5 years of age), 5- year- old group (between 5 and 
6 years of age), 6- year- old group (between 6 and 7 years of 

age), 7- year- old group (between 7 and 8 years of age) and 
8- year- old group (between 8 and 9 years of age).

Examination method

Ophthalmic examination of children is conducted mainly to 
assess refractive conditions without cycloplegia, checking 
the dioptric sphere (DS) and cylinder (DC) components and 
calculating the spherical equivalent (SE; SE = DS + 0.5 × DC). 
Visual acuity was not screened before refraction. Different 
devices were used to test children 0–4 and 5–8 years of age.

For children aged 4 years and younger, the Welch Allyn 
Spot Vision Screener (v1.1.50) (hillr om. com) was used by an 
ophthalmologist to screen both eyes for myopia, hypero-
pia, astigmatism and anisometropia in a dark room, which 
was convenient and fast, with high cooperation among 
the children. According to the manufacturer, the operat-
ing ranges of the Spot Screener are −7.50 to +7.50 D for the 
sphere, −3.00 to +3.00 D for the cylinder and 1°–180° for the 
axis. Values outside this range display 9.99 on the instru-
ment. Amblyopic risk factors (ARFs) were identified based 
on the prespecified referral criteria of the Spot instrument 
(Table 1). Previous studies have demonstrated that, in chil-
dren under 5 years of age, the device's specificity for de-
tecting ARFs is 86.08%, with a sensitivity of 90.15%.12

For children 5 years and older, the Topcon KR8900 au-
torefractor (topco nheal thcare. com) was used, with an 
operating range of −25.50 to +22.00 D for the sphere, 
−10.00 to +10.00 D for the cylinder and 1°–180° for the axis. 
Myopia was defined as a SE ≤−0.50 D, emmetropia as −0.50 
D < SE < +0.50 D, mild hyperopia as +0.50 D ≤ SE ≤+2.00 D 
and hyperopia as an SE >+2.00 D. AL was measured using 
a Haag- Streit Lenstar LS900 (haag-  streit. com) in children 
aged ≥4 years only. The Lenstar LS900 uses optical inter-
ferometry to measure the AL. The refraction and AL in 
both eyes of each child were examined three times and 
averaged.

The refraction of the right eye and the proportion of 
refractive errors among children aged 5–8 years were 

Key points

• In this group of children, refractive error varied 
significantly during the first 8 years of life, par-
ticularly during the first year.

• Children reached emmetropia at 5 years of age, 
then showed a myopic shift from 5 until 8 years 
of age.

• Amblyogenic refractive errors were most com-
mon in children younger than 1 year of age.

• The changes observed during the COVID- 19 
pandemic indicate that the environment plays a 
significant role in refractive error development.
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analysed. A cross- sectional comparison of refractive sta-
tus in children from 2018 to 2021 was performed, and 
the SEs for those 4 years were compared. This study had 
two components: a cross- sectional assessment of screen-
ing refractive error in all of the children included, and a 
longitudinal component within a subgroup of children 
(N = 4406) for whom there were data available for two to 
five visits at 3, 6, 9 and 12 months after the initial visit. The 
measurement values obtained during the initial visit were 
defined as the baseline. The longitudinal changes in re-
fraction over 1 year were analysed for the right eye only.

Ethics statement

This study was approved by the Ethics Committee of Tianjin 
Eye Hospital, China. Written informed consent was obtained 
after providing a detailed explanation of the purpose and 
procedures to the parents or legal guardians, in accordance 
with the Declaration of Helsinki. Any questions or concerns 
were resolved prior to signing the consent form.

Statistical analysis

Statistical analysis was performed using IBM SPSS software 
(V.20.0; ibm. com). The normality of the data was assessed 
through the analysis of skewness and kurtosis. Either an ab-
solute skewness value ≤2 or an absolute kurtosis (excess) ≤4 
was used as a reference value for determining consider-
able normality.13,14 If the data were normally and equally 
distributed, one- way ANOVA was used for comparison be-
tween multiple samples. The results were expressed as the 
mean ± SD. In instances where the data were not normally 
and equally distributed, the significance of differences be-
tween two groups was evaluated using the Mann–Whitney 
U rank sum test. For multiple comparison analyses, the 
Kruskal–Wallis rank sum test was applied. The results are 
expressed as the median (P25, P75). χ2 tests were used for 
comparisons of proportions between multiple samples. 
p < 0.05 was considered to indicate statistical significance.

R ESULTS

In total, 14,987 children were included in this study, 
of whom 7923 (52.9%) were boys with a mean age of 

3.17 ± 2.35 years and 7064 (47.1%) were girls with a mean 
age of 3.27 ± 2.37 years. The difference in age was sig-
nificant (z = 2.41, p = 0.02). The number of children in 
the 0- , 1- , 2- , 3- , 4- , 5- , 6- , 7-  and 8- year- old groups was 
2783, 1748, 1440, 1936, 2491, 1857, 1252, 805 and 675, 
respectively. The number of children screened in 2018, 
2019, 2020 and 2021 was 3547, 4132, 3418 and 3890, 
respectively. In the longitudinal study, 4406 children 
were screened twice or more (at 3, 6, 9 and 12 months 
following the initial visit). Among them, 2338 were 
boys aged 2.89 ± 2.36 years and 2068 were girls aged 
2.78 ± 2.31 years; this age difference was not significant 
(z = 1.36, p = 0.17). The number of participants in the lon-
gitudinal study is shown in Table 2.

Refraction status and risk factors for 
amblyopia among children aged 0–4 years

Groups were divided according to age, and the 0- year- old 
group was further divided into 4- , 5- , 6- , 7- , 8- , 9- , 10-  and 
11- month (m) groups. The SE and DC of the children in the 
age groups were compared. The results indicated that the 
changes in SE and DC were more pronounced in children 
<1 year of age, whereas SE and DC were more stable in chil-
dren aged 1–4 years (Figure 1). In the 4- month- old group, 
the SE was +0.63 D (0.00, 1.72) for boys and +0.19 D (−0.09, 
0.97) for girls. The cylinder was −1.50 D (−2.00, −0.81) for 
boys and −1.25 D (−2.19, −0.75) for girls. In the 1- year- old 
group, the SE was +0.88 D (0.50, 1.38) for boys and +0.88 D 
(0.38, 1.38) for girls. The DC was −0.75 D (−1.00, −0.50) for 
both the boys and the girls (Table 3). In the 0- year group, 
15.25% of the SEs were >+2.00 D, while 33.24% of the DCs 
were −1.50 D; both of these percentages were higher than 
for the other age groups (χ2 = 53.57, p < 0.001; χ2 = 790.39, 
p < 0.001; Figure 2).

Using the criteria outlined above, 34.83% of the children 
in the 0- year- old age group had ARF, the highest propor-
tion among the age groups (Figure 3a). This was followed 
by 19.80%, 15.80%, 16.93% and 16.09% in the 1- , 2- , 3-  
and 4- year- old age groups, respectively. As presented in 
Figure 3b, astigmatism was the most prevalent ARFs in the 
0- year- old group at 18.62%. Hyperopia was most prevalent 
in the 4- year- old group (16.39%), while anisometropia was 
most prevalent in the 1- year- old group (20.09%). However, 
the rate of myopia in children under 5 years old was low 
(0.59%) (Figure 3b).

T A B L E  1  Preset referral criteria for the Spot v.1.1.50 instrument.

Age (months) Anisometropia (D) Astigmatism (D) Myopia (D) Hyperopia (D)

6–12 ≥1.50 ≥2.25 ≤−2.00 ≥3.50

12–36 ≥1.00 ≥2.00 ≤−2.00 ≥3.00

36–72 ≥1.00 ≥1.75 ≤−1.00 ≥2.50

72–240 ≥1.00 ≥1.50 ≤−1.00 ≥2.50
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Refractive status and prevalence of 
significant refractive error among children 
5–8 years of age

As shown in Figure 4a, the median SE in the 5- year group 
was 0.00 D (−0.50, +0.50). Median SE in the 8- year group 
was significantly more myopic (−1.00 D, range −2.00 to 
−0.25 D) (H = 1146.82, p < 0.001). The AL was longer in the 5-  
to 8- year- olds (Median [P25, P75]: 22.84 [22.21, 23.45] mm) 
than the 4- year- old group (Median [P25, P75]: 22.13 [21.54, 
22.73] mm) (H = 897.24, p < 0.001). In the 4- year- old group, 

the AL was 22.43 (21.79, 22.89) mm and 21.91 (21.27, 22.50) 
mm for boys and girls, respectively. In the 5- year- old group, 
the respective AL values for boys and girls were 22.76 (22.24, 
23.20) mm and 22.16 (21.75, 22.61) mm. In the 8- year- old 
group, the respective AL values were 23.89 (23.34, 24.50) 
mm and 23.39 (22.81, 23.98) mm (Figure 5a). Similar trends 
were observed in the left eye (Figure 5b). In the 4- year- old 
group, boys had significantly longer ALs in their right eyes 
than girls (z = −5.48, p < 0.001). At 4–8 years of age, this 
trend was observed in both the right and left eyes. AL in-
creased with age, while the difference in AL between boys 
and girls remained relatively stable during the 4-  to 8- year 
period (Figure 5). The changes in astigmatism in children 
aged 5–8 years were less pronounced than those observed 
in children under 5 years of age (Figure 4b). We observed 
that the prevalence of clinically significant refractive error 
in children 5–8 years of age exceeded 50%, with the high-
est proportion in the 8- year- old group (Figure  6a). As 
shown in Figure 6b, clinically significant myopia accounted 
for the highest proportion, followed by astigmatism, mild 
hyperopia and hyperopia. In particular, the prevalence of 
myopia in the 7- year- old group increased markedly, with a 
19.6% increase compared to the 6- year- old group.

T A B L E  2  Number of children who participated in the longitudinal 
study as per the number of visits.

Number of visits N

2 3334

3 838

4 194

5 40

Total 4406

F I G U R E  1  Distribution of refractive error in children under 4 years of age who participated in the cross- sectional study. Data are for the right eye 
only, shown as the median with the 25 and 75 quartiles. (a) Spherical equivalent (SE) for children aged 0–4 years, (b) SE for children aged 4–11 months, 
(c) Dioptric cylinder (DC) for children aged 0–4 years, (d) DC for children aged 4–11 months.
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Cross- sectional values of refractive error in 
children 0–8 years of age, measured in the 
years 2018–2021

In this cross- sectional study, we compared the changes in 
SE among children aged 0–8 years in 2018, 2019, 2020 and 
2021. The results showed that the median SE in children 
aged 4 years in 2021 was significantly more myopic than that 
found for children of the same age in 2020 (H = 8.29, p = 0.04). 
This trend was also observed for children aged 0–4 years 

(Figure  7). The median SE of children aged 5–8 years was 
significantly more myopic in 2020 and 2021 than the corre-
sponding values for 2019 and 2020 (Figure 8a–d). In particu-
lar, the SE was significantly more myopic for children 8 years 
of age in 2021 than those of the same age in 2020 (H = 12.44, 
p = 0.006). From 2018 to 2021, the prevalence of myopia 
among children 5–8 years of age showed a yearly upward 
trend, from 17.17% to 46.10%, 37.63% to 53.13%, 65.75% to 
69.98% and 70.10% to 79.70% for children aged 5, 6, 7 and 
8 years of age, respectively (Figure 8e).

T A B L E  3  Screening refraction results in children from 4 months to 4 years of age.

Age N

Boys Girls Boys Girls

SE (M) (P25, P75) SE (M) (P25, P75) DC (M) (P25, P75) DC (M) (P25, P75)

4 (m) 150 0.63 (0.00, 1.72) 0.19 (−0.09, 0.97) −1.50 (−2.00, −0.81) −1.25 (−2.19, −0.75)

5 (m) 430 0.86 (0.13, 1.50) 0.88 (0.13, 1.47) −1.25 (−2.00, −0.75) −1.50 (−2.00, −0.75)

6 (m) 981 0.75 (0.16, 1.38) 0.75 (0.00, 1.25) −1.25 (−1.75, −0.75) −1.25 (−1.75, −0.75)

7 (m) 294 0.63 (0.13, 0.63) 0.88 (0.25, 1.38) −1.25 (−1.75, −0.75) −1.00 (−1.50, −0.75)

8 (m) 288 0.88 (0.38, 1.38) 0.88 (0.38, 1.38) −1.00 (−1.25, −0.50) −1.00 (−1.25, −0.75)

9 (m) 332 0.88 (0.25, 1.38) 0.88 (0.38, 1.50) −1.00 (−1.25, −0.50) −0.75 (−1.25, −0.50)

10 (m) 147 0.81 (0.25, 1.38 0.88 (0.38, 1.38) −0.75 (−1.06, −0.50) −0.75 (−1.25, −0.50)

11 (m) 161 1.00 (0.38, 1.50) 0.75 (0.13, 1.31) −0.75 (−1.25, −0.50) −0.75 (−1.00, −0.50)

1 (y) 1748 0.88 (0.50, 1.38) 0.88 (0.38, 1.38) −0.75 (−1.00, −0.50) −0.75 (−1.00, −0.50)

2 (y) 1440 0.88 (0.50, 1.38) 1.00 (0.63, 1.38) −0.75 (−1.00, −0.50) −0.75 (−1.00, −0.50)

3 (y) 1936 1.00 (0.63, 1.38) 1.00 (0.63, 1.38) −0.75 (−1.00, −0.50) −0.75 (−1.00, −0.50)

4 (y) 2491 0.88 (0.50, 1.25) 1.00 (0.50, 1.38) −0.75 (−1.00, −0.50) −0.75 (−1.00, −0.50)

Total 10,398 0.88 (0.50, 1.38) 0.88 (0.50, 1.38) −0.75 (−1.00, −0.50) −0.75 (−1.25, −0.50)

H 34.74 69.52 501.26 538.66

p- value* <0.001 <0.001 <0.001 <0.001

Note: The data did not conform to a normal distribution and were represented as median (P25, P75). p- values were reported for repeated measures Kruskal–Wallis test 
across various age groups.
Abbreviations: DC, cylinder dioptres; M, median; m, months; N, number of records; SE, spherical equivalent in dioptres; y, years.
*Across different age groups, p < 0.05 was considered to indicate statistical significance.

F I G U R E  2  Proportion of refractive errors for each age cluster. The groups indicate the proportion of children having at least that level of 
refractive error. For example, −2.00 includes children who had at least 2.00 D of myopia, −1.50 includes children who had at least 1.50 D of myopia but 
less than 2.00 D, 4.00 indicates children that had at least 4.00 D of hyperopia. (a) Proportion of spherical equivalent (SE). (b) Proportion of astigmatism 
(DC).
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Longitudinal data for 4406 children

In total, 4406 children aged 0–8 years underwent at least 
two examinations between 2018 and 2021. SE data were 

collected from these children at 3- , 6- , 9-  and 12- month fol-
low- up time points and the change in SE was analysed as 
ΔSE = SE follow- up time − SE baseline. At the 12- month follow- up, 
the ΔSE for children under 1 year of age was −0.27 D, while 

F I G U R E  3  Amblyopia risk factors (ARFs) in children of different ages: (a) percentage of children with ARFs, (b) types and percentages of ARFs.

F I G U R E  4  Distribution of refractive error in children 5–8 years of age who participated in the cross- sectional study. Data are presented for the 
right eye only; shown are the medians with 25 and 75 quartiles. (a) Spherical equivalent (SE), (b) astigmatism (DC).

F I G U R E  5  Axial length in children 4–8 years of age. (a) Right eye. (b) Left eye. Data are presented as the median (P25, P75). The solid lines indicate 
the median values.
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the ΔSE for children aged 1, 2 and 3 years was closer to 0 
D, being −0.06, 0.19 and 0.13 D, respectively. The absolute 
value of the ΔSE for children aged 5–8 years was higher 
than that of children under 5 years old (ΔSE = −0.38, −0.58, 
−0.70 and −0.75 D for ages 5, 6, 7 and 8 years, respectively; 
Figure 9a). At the 3- month follow- up, the ΔSE of children 
between 0 and 4 years tended to be around 0 D (ΔSE = 0.19, 
0.03, −0.06, 0.03 and −0.10 D, respectively; Figure 9b). The 
absolute value of ΔSE in 5-  to 8- year- old children was 
higher than for 0-  to 4- year- olds at the 3- month follow-
 up (ΔSE = −0.15, −0.24, −0.24 and −0.16 D, respectively) 
(Figure 9c).

D ISCUSSIO N

In this study, refractive screening data without cyclo-
plegia were analysed in children aged 0–8 years. These 
findings can aid in understanding the trends and char-
acteristics of refractive development, providing a foun-
dation for preventing and treating refractive errors 
in children and improving eye care. The Spot Vision 
Screener was used for children aged 0–4 years in this 
study, serving as a handheld, portable screening tool 
designed to detect vision issues including amblyopia 
quickly and easily. However, numerous studies9,10 have 

F I G U R E  6  The prevalence of significant refractive error in children aged 5–8 years. (a) Prevalence of children with significant refractive error. (b) 
Types of significant refractive error.

F I G U R E  7  Differences in the spherical equivalent of children aged 0–4 years in 2018, 2019, 2020 and 2021. (a) Age 0 year, (b) Age 1 year, (c) Age 
2 years, (d) Age 3 years, (e) Age 4 years. Data are presented for the right eye only; shown are the median with the 25 and 75 quartiles. The solid lines 
indicate the medians.
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demonstrated that the Spot Vision Screener tends to 
yield higher myopia and lower hyperopia compared with 
standard refraction under cycloplegia. This discrepancy 
is particularly concerning in those with high hyperopia, 
with differences of 2–4 D, as these children are at the 
highest risk for amblyopia and are the ones most in need 
of identification. According to Peterseim et al.15 the 2021 
American Association for Pediatric Ophthalmology and 
Strabismus (AAPOS) guidelines for ARFs recommend 
increasing the instrument referral standard for treat-
ing astigmatism from 1.5 D (the Spot Screener's pre- set 
standard) to 2 D in children over 4 years of age. They also 
suggested that lowering the refractive parameter thresh-
old from 1 to 0.75 D could increase sensitivity from 0.59 

to 0.8.16 Importantly, the current investigation adhered 
to the preset criteria of the instrument at the time of re-
ferral, even though this screening specifically focused 
on ARFs in children aged 0–4 years, utilising data from 
2018 to 2021. Here, children under 5 years of age were 
screened with a Spot Vision Screener, whereas children 
over 5 years of age were screened with an autorefractor.

It has previously been shown that neonates often ex-
hibit high hyperopia after birth,17–19 while older children 
show less hyperopia.20 However, using retinoscopy, Chen 
et al.11 found that the mean cycloplegia SE was highly hy-
peropic (+3.55 ± 2.39 D), compared with the mean non-
cycloplegia SE of +0.58 ± 2.32 D. Previous studies have 
shown that the use of the Spot Vision Screener results 

F I G U R E  8  Differences in the spherical equivalent (SE) refractive error of children aged 5–8 years in the years 2018, 2019, 2020 and 2021. (a) Age 
5 years, (b) age 6 years, (c) age 7 years, (d) age 8 years. (e) Changes in the prevalence of myopia among children aged 5–8 years from 2018 to 2021. Data 
are presented for the right eye only; shown are the median with the 25 and 75 quartiles. The solid lines indicate the medians.

F I G U R E  9  Changes in the spherical equivalent (SE) in children aged 0–8 years at the follow- up visits. (a) Changes in SE at 12 months, (b) age 
0–4 years, (c) age 5–8 years. The data are presented as the means ± SDs. The solid lines indicate the means.
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in an increase in the degree of myopia and a decrease in 
hyperopia compared to refraction with cycloplegia.12,15 
This error is particularly significant in hyperopia >2–4 D. 
In the present study, the SE at 4 months of age was +0.63 
D (0.00, 1.72) for boys and +0.19 D (−0.09, 0.97) for girls. It 
is likely that the Spot Vision Screener without cycloplegia 
underestimated the spherical value of their hyperopia. 
Astigmatism in children under 1 year of age significantly 
improved with development.21 Lu et al. reported that the 
prevalence of astigmatism in infants aged 1–18 months 
was 49.9%. It was highest at 3 months of age and de-
creased with age.20 Similar to previous studies, we ob-
served that the incidence of astigmatism was higher for 
children under 1 year of age, with significant variability 
and individual differences, and the proportion of chil-
dren having astigmatism exceeding 1.50 D was also 
higher than for children over 1 year of age.

Younger children show a better response to amblyopia 
treatment,10 and the detection of ARFs in young children 
plays a crucial role in the timely treatment of the condi-
tion.22,23 It has previously been shown that the prevalence 
of ARFs worldwide is 10–20%,24 with hyperopia and astig-
matism being the main ARFs among children in different 
ethnic regions.12,25 Other studies have found that the de-
gree of anisometropia is more closely related to ambly-
opia in children under 3 years of age.26 The results of the 
present study showed that astigmatism was more com-
mon in infants, and there were more cases of astigmatism 
and anisometropia among infants less than 1 year of age. 
In other studies,12,26 the proportion of ARFs varied, which 
may be related to differences in ethnicity, location and the 
use of different screening instruments. Saunders et  al.21 
demonstrated that newborns commonly had high hyper-
opia and astigmatism when tested without cycloplegia, 
which decreased rapidly in the first year of life. If astigma-
tism persists after 1 year of age, this may indicate failure 
of the emmetropisation process, and timely intervention 
is required to prevent amblyopia and reduce the risk of 
strabismus. Early screening can substantially improve the 
therapeutic effect on amblyopia.27 Therefore, regular ex-
aminations should be carried out at the early stages of the 
child's development. Screening younger children for ARFs 
remains the focus of primary eye care institutions.

In a study of Chinese children aged 4–18 years, He 
et al.28 reported that the ALs were 22.50, 22.77, 22.95, 23.22 
and 23.43 mm for boys aged 4 to 8 years, respectively, and 
21.88, 22.19, 22.36, 22.66 and 22.93 mm for girls within the 
same age range in 2019–2020. In the present study, ALs of 
the right eye in boys aged 4 to 8 years were 22.43, 22.76, 
22.99, 23.43 and 23.89 mm, respectively, and 21.91, 22.16, 
22.37, 22.88 and 23.39 mm for girls, respectively. The pres-
ent results are similar to previous studies, and older chil-
dren had longer ALs. While the boys had longer ALs than 
the girls, there was no significant difference in SE with 
gender, which may be due to the smaller corneal curva-
ture in girls.28 In the current study, we found that for chil-
dren 5–8 years of age, refractive status was biased towards 

myopia, and the prevalence of myopia was high, similar to 
the findings of Guo et al.29 There was a prominent increase 
in the prevalence of myopia at 7 years of age, which may 
be related to the fact that children 6 years of age are in 
primary school in China and are beginning to feel school- 
related pressure.

In 2020, Wang et al.30 showed that 6-  to 8- year- old chil-
dren experienced a significant myopic shift (approximately 
−0.30 D), which was not observed before 2020 and may be 
related to home isolation. During the COVID- 19 pandemic, 
the time spent by children in outdoor activities decreased 
considerably, while the time spent using electronic screens 
increased in both 2020 and 2021.31 Furthermore, there was 
a significant association between changes in these environ-
mental factors and an increased incidence of myopia.32–35 
At 3 years of age, the more time spent outdoors, the lower 
the risk of myopia.32 Myopic plasticity is higher in children 
aged 6–8 years and this can be controlled by changing en-
vironmental factors.36 In the present study, no significant 
myopic shift was observed in children 0–4 years of age 
from 2018 to 2020, while a significant myopic shift occurred 
in 2021. Five- year- old children experienced a significant 
myopic shift lasting 4 years, and 6-  to 8- year- old children 
experienced a significant increase in myopia in 2020 and 
2021. Home quarantine due to the pandemic may have 
caused a change towards myopia, and the present results 
indicated that it had a greater effect on 5-  to 8- year- old 
children in the short term and may affect children younger 
than 5 years in the long term. Therefore, during epidemic 
prevention and control, parents should try to control chil-
dren's screen time, increase the time spent engaging in 
outdoor activities, pay attention to their children's eyes 
and increase the frequency of eye examinations.

Previous studies have demonstrated that refractive 
error changes with age throughout childhood, whereas 
emmetropisation occurs early in infancy.19 After 12 months 
of follow- up, the largest change in SE (−0.27 D) occurred 
in the 0- year group among children 0–3 years of age. In a 
longitudinal investigation of refractive changes in children, 
You et al.37 reported that the SE of children 1–6 years of age 
changed during a 1-  to 2- year follow- up period, with the 
most overt change being observed in the 3- year- old group. 
Similar to the findings of a previous study, the current re-
sults indicated that the SE in 3- year- old children fluctuated 
during the 12- month follow- up period, possibly due to their 
transition into kindergarten. In the longitudinal study, SE 
changes in children aged 4 years were obtained from two 
types of devices due to children over 5 years of age being 
screened using autorefractometers. This is a significant fac-
tor that should not be overlooked when considering the ob-
served changes in 4- year- old children. For 5-  to 8- year- olds, 
the change towards myopia was higher in the 8- year- old 
children at the 12- month follow- up. Moreover, in children 
aged 5–8 years, there was a significant change in refraction 
at the 3- month follow- up visit, compared with children 
aged 0–4 years. Hence, preventive myopia measures should 
be implemented in children aged 5 years and older.
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The main limitation of this study is that the refractive 
measurements were obtained without cycloplegia; the 
study presents only screening results. Another limitation 
is the use of two different screening techniques for chil-
dren 4 years of age and younger (Spot Vision Screener) 
versus those 5 years of age and older (Topcon autorefrac-
tor). Additionally, the use of refractive vectors would have 
been preferred over SE and cylinder power; however, the 
absence of axis findings in one- third of our data set pre-
vented us from employing this approach.

CO NCLUSIO N

Ocular development in children varies greatly within the 
first year of life, and the proportion of ARFs was high in this 
age group. Development gradually stabilises by 1–4 years 
of age and shows a significant trend towards myopia at 
5–8 years. In recent times, likely due to home confinement 
during the COVID- 19 pandemic, children's refractive errors 
have shown a significant myopic shift, and the prevalence 
of myopia among 5-  to 8- year- old children has increased. 
Consequently, we recommend initiating eye care exami-
nations for infants at 4–6 months of age, with at least one 
follow- up visit annually. The development of the eye is sus-
ceptible to environmental changes, and under occasions 
such as the recent pandemic, the frequency of examina-
tion may need to be increased.
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