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Abstract
Background  Assessing myopia risk can help clinicians intervene as early as possible. There is still a lack of reference 
values for predicting myopia based on the axial length (AL) of children. The study aims to explore the relationship 
between AL and myopia, and to predict the risk thresholds of AL in children of different age and sex groups.

Method  Visual acuity examination, refractive screening and ocular axis examination of 2388 children aged 7–18 
(4776 eyes) from 8 schools in a certain area of Beijing were used as the data source, we evaluated the predictive 
ability of AL for myopia in children using Receiver Operating Characteristic (ROC) curves, and constructed Logistic 
Regression to analyze the reference value of AL threshold for children of different age and sex groups.

Results  The myopia rate among children and adolescents was 51.47%. The AL and SE were significantly correlated 
by Spearman correlation coefficient(P < 0.01). Predicting myopia in children based on their AL has a good reference 
value(AUC = 0.73). Children with AL ≥ 23.92 mm have a significantly higher myopia rate than those with AL < 23.92 mm 
(χ²=661.14, P < 0.01). The difference in AL among children of different age groups is statistically significant, and the 
AL shows an increasing trend with age. Among them, the AL threshold for children aged 7–12 is 23.67 mm, while 
that for children aged 13–15 is 23.92 mm, and children aged 16–18 is 24.42 mm. Children with an AL ≥ the threshold 
have a 4.41-fold higher risk of myopia than those with an AL < the threshold (OR = 4.41, 95% CI = 3.88–5.01). There 
is a statistically significant difference in AL between children of different sex groups. The male group has a higher 
AL(24.27 mm) than the females (23.71 mm), and children with AL ≥ threshold have a 5.58-fold higher risk of myopia 
than those with AL < threshold (OR = 5.58, 95% CI = 4.93–6.33).

Conclusion  The correlation between SE and AL was strong in school children. Age-specific and sex-specific AL 
threshold for myopia might provide reference data as a useful indicator, aid in identifying and monitoring individuals 
at risk of myopia and have utility in population-based screening for myopia in children and adolescents.
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Introduction
At present, myopia has become a global public health 
problem, especially with the rapidly increasing preva-
lence of myopia in children and adolescents [1, 2]. Dur-
ing the period of 2020–2023, the myopia rate among 
children and adolescents reached as high as 54%. In 2022, 
the general myopia rate among children and adolescents 
in China was 51.9%, which shows a trend of early onset 
and high incidence [3]. Myopia not only affects daily life 
and studies, but also affects issues such as education and 
employment. In particular, high myopia increases the risk 
of retinal detachment, myopic macular degeneration, and 
may be accompanied by irreversible vision loss, and even 
blindness [4–6].

It is generally believed that myopia is multifactorial. 
There are many factors that can affect myopia in children, 
and most of the current research is based on genetic fac-
tors, environmental factors, and behavioral habits [7]. 
Assessing myopia risk can help clinicians intervene as 
early as possible. However, few studies have evaluated the 
effects of various factors to accurately determine the risk 
of onset and progression on myopia. And the myopia risk 
predictive models that have been constructed to date are 
overly complicated for quantifying myopia risk reliably, 
limiting their application in population-based epidemio-
logical survey [8, 9].

Cycloplegic refractive error is the gold standard for 
the detection of myopia [10]. However, it sometimes 
can be challenging to administer cycloplegic eyedrops to 
children, particularly in large-scale studies and routine 
vision screening for children. Noncycloplegic refractive 
error is still commonly used for determining the pres-
ence or severity of myopia in some population-based 
epidemiological studies of pediatric myopia [11]. When 
the refractive error assessment does not involve cyclople-
gia, errors due to overaccommodation are very common 
[12]. Many previous studies reported the there is high 
correlation between ocular biometric measures and the 
refractive error [13–15]. Axial length (AL) is a critical 
biometric parameter in the management and control of 
myopia [10]. At present, modern technology for AL mea-
surements using partial coherence interferometry and 
swept-source techniques is more accurate, measurement 
errors and variability between instruments are limited to 
few microns [16]. In addition, techniques to measure AL 
are rapid, noninvasive and can be easy for both the prac-
titioner and children. Thus, utilising AL measures either 
alone or in combination with other ocular measurements 
to differentiate normal from excessive ocular growth to 
identify at risk children for clinicians as soon as possible. 
Multi-predictor models included incorporate additional 
predictors such as corneal curvature, anterior chamber 
depth, age, and other biometric or demographic factors 
[12–15]. Although AL/corneal radius of curvature (AL/

CR) is a more robust measure of the refractive than AL 
[12–14]. However, the measurement technology of CR 
needs to be more precise and accurately interpret the 
results and less data-efficient, which may be difficult to 
large-scale vision screening for children. They also gener-
ally outperform AL-based models in terms of sensitivity 
and specificity. AL values obtained using modern biom-
eters are rapid, objective, require less time and resources 
and are less prone to errors compared with spherical 
equivalent [17].

Current studies suggest that visual impairment is more 
strongly associated with AL than refractive error [12, 14], 
and excessive AL growth gives precipitate vision threat-
ening complications [18]. Additionally, as an increase in 
myopia is primarily due to axial elongation, estimating 
and monitoring AL change is advantageous [12]. Com-
pared to refractive error measurement, AL is less suscep-
tible to the influence of eye accommodation ability, and 
has strong stability and shows regular growth with age, 
especially in children. Refractive error does not reflect 
the structural changes in the eye and fully capture the 
risk of myopia-related complications. Therefore, the 
AL can be used as an objective and convenient biologi-
cal parameter indicator for observing and evaluating the 
development of children’s eyeballs, as well as predicting 
the risk of myopia in children [17, 18]. At present, there 
is still a lack of reference values for predicting myopia 
based on the AL of children and adolescents of different 
age groups in China. Previous study has predicted the 
annual growth rate of the physiological AL in Chinese 
preschool children aged 4–6 years old in Beijing [9]. Cur-
rently, there is a lack of similar results on school children 
in Beijing. To this end, we collected data on visual acuity 
examination, refractive screening, and AL examination 
of children from 8 schools in a certain area of Beijing, 
and explored the relationship between AL and myopia in 
school children. Receiver operating characteristic (ROC) 
curves were applied to determine the risk threshold of 
AL that affects the occurrence of myopia, and its predic-
tive value was evaluated, which is expected to provide a 
reference for comprehensive prevention and control of 
myopia in children and adolescents.

Methods
Study design and participants
This study was to identify an objective and convenient 
indicator for predicting the risk of myopia through sec-
ondary data analysis of Beijing Children and Adoles-
cents Health Cohort (BCHC) [19]. All procedures were 
approved by the Institutional Review Board at the Capi-
tal Institute of Pediatrics prior to study commencement. 
In 2022, 2742 aged 4–18 years old children in a cer-
tain district of Beijing were using random cluster sam-
pling method. Considering the stability of the sample, 
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representative and stable schools in primary and junior 
high schools are preferred. Selected students are mea-
sured using computer optometry under noncycloplegic 
refraction, binocular naked eye vision examination, and 
AL measurement. After excluding children who did not 
cooperate and did not meet the age requirements, infor-
mation on 2388 children aged 7–18 years old from 8 
schools was obtained, with an effective examination rate 
of 87.1%.

Inclusion criteria: (1) Permanent population of Bei-
jing. (2) Except for refractive errors, there is no history of 
ophthalmic diseases, eye trauma, or surgery. (3) Physical 
and mental health, no congenital developmental abnor-
malities, and no related diseases affecting vision and 
refractive examination. (4) Not wearing corneal reshap-
ing lenses within one month. (5) Students and parents 
who are willing to cooperate. This study was approved by 
the Medical Ethics Committee of the Capital Institute of 
Pediatrics (SHERLL2022043). The guardian and/or their 
children provided informed consent and were willing to 
participate, and the investigation was approved by the 
local education bureau and school. To express our grati-
tude for their contributions, participants were given a 
Health check-up report which was promptly emailed to 
them following their interview.

Eye examination
Vision examination light boxes that comply with the 
national standard (GB11533 logarithmic visual acuity 
chart) were used for distance vision screening. A desk-
top automatic computer optometry instrument (KR–800, 
Topcon company) that complies with the ISO10342 
ophthalmic instrument optometry standard was used to 
detect refractive status under non ciliary muscle paraly-
sis. The AL of the eye was measured using a biometric 
instrument (IOL Master, Germany). All instruments and 
equipment have been tested and approved by relevant 
departments. Both computer optometry and biometric 
instruments undergo simulated human eye calibration 
before use. Children with myopia screening undergo 
according to the updated version of the “Guidelines for 
the Prevention and Control of Myopia in Children and 
Adolescents” released by the National Health Commis-
sion [11].

Variable definitions
According to the International Myopia Institute(IMI) 
[20] and the National Health Commission’s “Guidelines 
for Appropriate Techniques for Prevention and Control 
of Myopia in Children and Adolescents (Updated Edi-
tion)” [11], The criteria for determining myopia eye the 
standard logarithmic visual acuity of the naked eye < 5.0 
and spherical equivalent (SE)<–0.50D.

Questionnaire survey
The questionnaire was developed by the Capital Institute 
of Pediatrics and and students or their parents filled out 
questionnaires. Before completing the questionnaire, 
the survey or explained the significance of the survey, 
emphasized the confidentiality of the questionnaire, 
and any questions that were not understood would be 
explained by the investigator until the students could 
understand the questions correctly in order to guaran-
tee the credibility of the results. The survey content was 
mainly included several aspects such as sex, age, parents’ 
myopia, etc.

Quality control
On site investigation had been conducted by trained and 
qualified medical personnel using a unified vision exami-
nation method. Organizing and collecting raw materials 
was done by a school basis, and a dedicated person will 
verify and input the data to create a health record for fol-
low-up visit and notification of examination results. The 
vision examination light box and examination method 
have complied with national standards, and the test-
ing space environment and distance also met relevant 
requirements. In a semi dark room, refractive testing on 
children was performed in their natural state (noncy-
cloplegic refraction) to ensure that the system error was 
within a reasonable range. The environment was fixed 
and the lighting was appropriate. It was required that the 
child’s seat fixed within a radius of 50 cm, with the head 
in a straight position, ensuring that both eyes were level 
with the instrument, and the distance between the right 
and left eyes was 35 cm. The average value of at least 3 
consecutive readings with a computerized refractometer 
was considered the examination result, while the aver-
age value of at least 5 consecutive readings with an ocular 
axis biometric instrument was considered the examina-
tion result.

Statistical analysis
Using Excel 2021 to access the dataset, the Shapiro Wilk 
test was used to determine the normality of the data. 
Pearson or Spearman correlation coefficients were used 
for correlation analysis based on the normality results. 
Continuous variables with normal distribution were rep-
resented by mean ± standard deviation (µ ± σ), and t–test 
is used for comparison between two samples. Non nor-
mally distributed continuous variables were represented 
by median and interquartile range [M (P25, P75)]. Gen-
eralized estimating equation (GEE) including age, sex, 
and the AL of both eyes. The results showed that AL of 
the right eye was 0.084  mm longer than that of the left 
eye on average, and there was a significant difference in 
AL (P < 0.01) after controlling for age and sex. Kruskal 
Wallis H test was used for multiple sample comparisons, 
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Nemenyi test was used for pairwise comparisons, and 
Mann Whitney U test (Wilcoxon rank sum test) was 
used for two sample comparisons. Use number of cases 
and percentages (n and %) for counting data, and chi 
square test was used for comparation between groups. 
We have drawn ROC curve and calculate the area under 
the Area Under Curve (AUC) to determine the optimal 
threshold for AL, and construct logistic regression analy-
sis to determine the reference value of AL threshold for 
children of different age groups and sex. The statistical 
significance was determined by the test level α = 0.05, 
and the above analysis was conducted using Python 3.12 
software.

The statistical measures of ROC curve include sensitiv-
ity (SE), specificity (specificity, SP), area under the curve 
(AUC), and Youden index (Youden index) under the ROC 
curve index [21]. This study used AL as the predictive 
indicator and myopia as the outcome indicator. The value 
corresponding to the maximum Jordan index was the 
optimal AL threshold.

Results
Demographic characteristics of children with myopia
All 2388 children aged 7-18-year-old (4776 eyes) had 
a myopia rate of 51.47%; 1175 males (2350 eyes) had a 
myopia rate of 48.09%, while 1213 females (2426 eyes) 
had a myopia rate of 54.74%. There was a statistically 
significant difference in myopia rates between children 
of different sex (χ²=20.90, P < 0.01). 1073 children (2146 

eyes) aged 7–12 years had a myopia rate of 41.33%, 966 
children (1932 eyes) aged 13–15 years had a myopia rate 
of 60.14%, and 349 children (698 eyes) aged 16–18 years 
had a myopia rate of 58.60%. There was a statistically 
significant difference in myopia rates among children of 
different age groups (χ²=160.69, P < 0.01), as shown in 
Table 1.

Characteristics of children’s AL
The AL of all children was 24.20(23.40,25.11)mm, chil-
dren aged 7–12 years was 23.83(23.14,24.63)mm, chil-
dren aged 13–15 years was 24.49(23.68,25.36)mm, 
children aged 16–18 years was 24.93 ± 1.15 mm. The AL 
of male children was 24.42(23.65,25.37)mm and females 
was 23.95(23.18,24.89)mm (Table 2).

Shapiro Wilk normality test was conducted on the axial 
data of children’s eyes, and the data did not conform to 
bivariate normal distribution. Spearman correlation coef-
ficient was used, and AL and SE were significantly corre-
lated (P < 0.01)in all children(r=-0.68)(Fig. 1), in the 7–12 
year age group (r=-0.58), 13–15 year age group (r=-0.69), 
16–18 year age group (r=-0.65), in the male group (r=-
0.70) and female group (r=-0.72).(Figures 2 and 3).

The Kruskal Wallis H test was applied to evaluate 
the differences in AL data distribution between dif-
ferent age groups. Nemenyi test was used for pair-
wise comparisons between groups, and the differences 
between different age groups were statistically significant 
(P < 0.01). The 7–12 years group vs. 13–15 years group 
(χ²=372.00, P < 0.01), 7–12 yeas group vs. 16–18 years 
group (χ²=443.55, P < 0.01), and 13–15 years group vs. 
16–18 years group (χ²=50.17, P < 0.01) all showed statis-
tically significant differences. The Mann Whitney U test 
(Wilcoxon rank sum test) was used to evaluate the dif-
ferences in AL between sex, and the difference between 
males and females (Z = 13.00, P < 0.01) was statistically 
significant(Table 3).

The differences in AL between myopic and non-myopic 
children in each age group and sex group were examined 
separately. There was a statistically significant difference 
(Z = 27.68, P < 0.01) in the AL between myopic children 
(24.69 (23.96, 25.48)) and non-myopic children (23.65 
(22.99, 24.48)). The differences in AL between myopic 

Table 1  The characteristics of myopia in children with different 
age and sex groups
Variables Myopia

N(%)
Non-Myopia
N(%)

Total eyes
N(%)

χ2 P

Age(years)
7~ 887(41.33) 1259(58.67) 2146(44.93) 160.69 < 0.01
13 ~ 15 1162(60.14) 770(39.86) 1932(40.45)
16 ~ 18 409(58.60) 289(41.40) 698(14.62)
Sex
Male 1130(48.09) 1220(51.91) 2350(49.20) 20.90 < 0.01
Female 1328(54.74) 1098(45.26) 2426(50.80)
Total 2458(51.47) 2318(48.53) 4776(100)
*P < 0.05, **P < 0.01

Table 2  Comparison of AL between myopic and non-myopic children of different age and sex groups
Variables AL of Myopia

(mm)
AL of Non-Myopia
(mm)

Total AL
(mm)

t/Z P

Age(years) 7~ 24.32(23.68,25.01) 23.27(22.78,24.01) 23.83(23.14,24.63) 19.06 < 0.01
13~ 24.85(24.11,25.68) 23.89(23.24,24.74) 24.49(23.68,25.36) 16.19 < 0.01
16 ~ 18 25.13 ± 1.04 24.65 ± 1.24 24.93 ± 1.15 5.35 < 0.01

Sex Male 24.98(24.27,25.77) 23.89(23.27,24.70) 24.42(23.65,25.37) 20.45 < 0.01
Female 24.44(23.73,25.20) 23.33(22.77,24.18) 23.95(23.18,24.89) 21.02 < 0.01

Total 24.69(23.96,25.48) 23.65(22.99,24.48) 24.20(23.40,25.11) 27.68 < 0.01
*P < 0.05, **P < 0.01



Page 5 of 13Mingming et al. BMC Ophthalmology          (2025) 25:195 

and non-myopic children in the 7–12 year age group 
(Z = 19.06, P < 0.01), 13–15 year age group (Z = 16.19, 
P < 0.01), 16–18 year age group (t = 5.35, P < 0.01), male 
group (Z = 20.45, P < 0.01), and female group (Z = 21.02, 
P < 0.01) were statistically significant, as shown in Table 2.

ROC curve evaluation of AL’s predictive ability and optimal 
threshold analysis for myopia in children
AL is an important factor affecting the vision of children 
and adolescents. Not only there is a significant correla-
tion between AL and SE, but there is also a significant 
difference in AL between myopic and non-myopic chil-
dren. In order to further explore the critical value of 
the influence of AL on the myopia of children and ado-
lescents, this study plotted a ROC curve (Fig.  4) show-
ing the relationship between AL and myopia. The area 
AUC under the ROC curve was 0.73 (P < 0.01), and the 
optimal threshold for AL was 23.92 mm. At this thresh-
old, children were classified into group greater than 
and less than the threshold. The myopia rate of children 
with AL ≥ 23.92 mm (67.13%) was much higher than that 
of children with AL < 23.92  mm (29.34%) (χ²=661.14, 
P < 0.01). (Tables 4 and 5).

To further investigate the effect of AL on myopia in 
children of different ages, ROC curves were plotted to 
evaluate the predictive ability of AL for myopia in chil-
dren. The ROC curve was used to evaluate the predic-
tive ability of AL for myopia in children of different age 

groups. The results are shown in Fig. 5, where the axis of 
7–12-year-old group (AUC = 0.74), 13–15-year-old group 
(AUC = 0.72), and 16-18- year-old group (AUC = 0.62) all 
showed good predictive ability for myopia. The optimal 
threshold for AL indicators in the 7–12 years age group 
is 23.67  mm, while that in the 13–15 years age group 
is 23.92  mm, 24.42  mm in 16–18 years age group. The 
detailed parameters of the optimal thresholds for each 
group are shown in Table 3. Using the optimal threshold 
of each group as a classification reference for their AL, 
the myopia rate of children with AL ≥ threshold is much 
higher than that of children with AL < threshold in age 
groups of 7–12,13–15 and 16–18-year-old, as shown in 
Table 5.

To further investigate the effect of AL on myopia 
in children of different sex, ROC curves were plot-
ted to evaluate the predictive ability of AL for myopia 
in children. The ROC curve was used to evaluate the 
predictive ability of AL for myopia in children of differ-
ent sex. The results are shown in Fig.  6. Both the male 
group (AUC = 0.74) and the female group (AUC = 0.75) 
had good predictive ability for myopia in children. The 
optimal threshold for AL index in the male group is 
24.27 mm, and the optimal threshold for AL index in the 
female group is 23.71 mm. The detailed parameters of the 
optimal thresholds for each group are shown in Table 3. 
Using the optimal threshold of each group as the classifi-
cation reference for their AL, the myopia rate of children 

Fig. 1  Correlation between AL and SE for children
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with AL ≥ threshold in both male and female groups is 
much higher than that of children with AL < threshold, as 
shown in Table 5.

Correlation analysis between AL threshold and myopia
In order to verify the reliability of the axial threshold 
for different age groups, logistic regression analysis was 
used. The results showed that children with AL ≥ thresh-
old had a 4.41-fold higher risk of myopia than those with 
AL < threshold (OR = 4.41, 95% CI = 3.88–5.01). Com-
pared with children aged 7–12 years, the risk of myo-
pia in children aged 13–15 years is 1.85 times higher 
(OR = 1.85, 95% CI = 1.62–2.11), and that of 16–18 years 

is 1.73 times higher (OR = 1.73, 95% CI = 1.44–2.08), as 
shown in Table 6.

In order to verify the reliability of the axial thresholds 
for each sex, logistic regression analysis was used, and the 
results showed that children with AL values ≥ the thresh-
old had a 5.58-fold higher risk of myopia than those with 
AL values < the threshold (OR = 5.58, 95% CI = 4.93–6.33). 
Compared with males, the risk of myopia in females is 
1.30 times higher (OR = 1.30, 95% CI = 1.15–1.47), as 
shown in Table 6.

Fig. 2  Correlation between AL and SE for different age groups
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Discussion
In this cross-sectional school-based study, we found 
that the correlation between SE and AL in children. The 
accuracy of the AL for myopia assessment has a good 
predictive ability for the risk of myopia in children and 
adolescents. The results from this study of AL for Chi-
nese children aged 7–18 years indicate age and sex 
dependency.

In recent years, the myopia rate of children and ado-
lescents has not significantly decreased. This study found 
that the myopia rate in children and adolescents was 
51.47%, which is similar to the national myopia survey 
results [3]. It is generally believed that the main cause 
of myopia in school-age children is excessive axial elon-
gation [14]. There is a significant correlation between 
SE and AL in children of all age groups, and the AL of 
myopic children in each age group is significantly greater 
than that AL of non-myopic children, which is similar to 
the conclusion of other studies [14, 22]. Many previous 
studies reported the high correlation of ocular biometric 
measures with the refractive error [14, 22, 23].

Refractive parameters of 7–18-year-old children such 
as AL and SE in different age and sex groups were mea-
sured and analyzed in this study. AL increased with the 
increase of age in this study, which is consistent with 
study in shanghai [14]. We found that the average AL of 
all children and adolescents was 24.28 mm, the AL of the 

Table 3  Statistical analysis of differences in AL between different 
age and sex groups
Pairwise comparison groups χ2/Z P
7 ~ years 13 ~ years 372.00† < 0.01*
7 ~ years 16 ~ 18 years 443.55† < 0.01*
13 ~ years 16 ~ 18 years 50.17† < 0.01*
Male Female 13.00 < 0.01
*P < 0.05, **P < 0.01

Note † Nemenyi test for further pairwise comparison after Kruskal Wallis H test

Fig. 3  Correlation between AL and SE for different sex groups
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children with myopia(24.69 mm) in this study was larger 
than that in Spanish [24], China [14, 22].

The AL of children gradually increased as the age 
growth of the younger age group towards the older age 
group in this study, which was longer than that in previ-
ous study [12]. The AL of non-myopic children conforms 
to the reference value reported by the National Health 
Commission, which states that the AL of children is 
about 16 mm at birth and an average of about 22.5 mm 
at the age of 6, the growth rate of AL in developing chil-
dren generally does not exceed 0.2  mm per year, and If 
it exceeds 0.2 mm, high attention should be paid to the 
“AL reference value“ [25]. But the AL of myopic children 
is greater than this reference value, which may be due to 
the average annual growth rate of children’s AL exceed-
ing 0.2 mm. At the same time, the Expert Consensus on 
the Application of Axial Length in Myopia Prevention, 

Control and Management (2023) discussed the predictive 
value of AL for myopia [17]. The expert consensus indi-
cates that the refractive change corresponding to every 
1 mm increase in AL increases with age, and the refrac-
tive power change of myopic individuals is greater than 
that of non-myopic individuals; it further recommends 
to use an annual increase of less than 0.20  mm/year as 

Table 4  Detailed indicators of ROC curve
Variables AUC(95%CI) AL Threshold(mm) TPR
Age(years) 7~ 0.74(0.72 ~ 0.75) 23.67 0.75

13~ 0.72(0.70 ~ 0.74) 23.92 0.81
16 ~ 18 0.62(0.58 ~ 0.66) 24.42 0.75

Sex Male 0.74(0.73 ~ 0.76) 24.27 0.75
Female 0.75(0.73 ~ 0.76) 23.71 0.76

Total 0.73(0.72 ~ 0.74) 23.92 0.76

Table 5  Analysis of differences in myopia rates of children 
classified by AL threshold
Variables Classifica-

tion by AL 
threshold
(mm)

Myopia
N(%)

χ2 P

7~ ≥ 23.67 668(58.85) 303.50 < 0.01
< 23.67 219(21.66)

Age(years) 13~ ≥ 23.92 944(71.46) 221.65 < 0.01
< 23.92 218(35.68)

16 ~ 18 ≥ 24.42 312(65.82) 30.87 < 0.01
< 24.42 97(43.30)

Sex Male ≥ 24.27
< 24.27

852(66.41)
278(26.05)

378.36 < 0.01

Female ≥ 23.71
< 23.71

1003(71.90)
325(31.52)

388.48 < 0.01

Total ≥ 23.92
< 23.92

1877(67.13)
581(29.34)

661.14 < 0.01

*P < 0.05, **P < 0.01

Fig. 4  ROC curve of AL and myopia assessment
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the threshold for safe AL growth in children aged 6–10 
year old [17].There are significant differences in myopia 
rates and AL among children of different age groups, and 
as age increases, the AL of older children is significantly 
higher than that of younger children. The results of this 
study are similar to previous studies which have found 
that the reference value of children’s AL increases with 
age [17, 26, 27].

Compared with males, females have a shorter 
AL(23.95(23.18, 24.89)mm vs. (24.42(23.65, 25.37)mm), 
and a slightly more myopic refractive error(54.74% vs. 
48.09%). The data are strikingly similar to reported data 
for school children from Wuhan, China [28]. Comparing 
AL to European and other ethnic counterparts, longer AL 
was observed in Chinese children at all ages [23]. Meth-
odological differences between the studies may account 
for some of this variation; however, it is more likely to 
be reflective of varying environmental influences across 
the different ethnic groups [7]. The study by Mu J et al. 
[29] also found that the AL of male eyes is greater than 
that of female eyes. Interestingly, female eyes tended to 
have more myopia than their male counterparts with the 
difference manifesting especially at the onset of myopia 
[30]. Based on the results of previous studies, this study 
infers that sex is an important influencing factor on an 
individual’s static lifestyle [31], and the more lively and 

active social personality of males compared to females is 
the reason for the sex differences in myopia [32]. The fact 
that males are generally taller than females may be due 
to sex differences in AL [33, 34], which is similar to the 
conclusion of Mu J [29]. Although the relatively steeper 
corneas in females result in a more myopic refractive 
error, the smaller AL would in theory compensate for this 
myopic shift. There are reports of higher crystalline lens 
power in females than males [35].Therefore, the more 
myopic error may be indicative of an AL that has elon-
gated past the length required for emmetropia or other 
optical components such as the crystalline lens might be 
playing a role [12].

This study found that the AL of myopic children of all 
ages and sex was significantly higher than that of chil-
dren with normal vision. Previous studies have found 
a correlation between AL and myopia [17, 26, 36]. As 
shown in this study, the area under ROC of the AL for 
myopia assessment has a predictive value (AUC > 0.70), 
which is lower than other studies [15, 29]. The myo-
pia rate (67.13%) of children with an AL ≥ 23.92  mm is 
much higher than non-myopia(29.34%) of children with 
an AL < 23.92 mm, indicating that AL has a high predic-
tive value for myopia in children and adolescents. It is 
consistent with study in Spanish [24].The differences in 
sensitivity and specificity could be due to the differences 

Fig. 5  ROC curves of AL and myopia risk assessment for different age groups
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in the cutoff value of AL, the study characteristics of 
school children such as age, refractive error status and 
the device for biometric measures. Based on some study, 
the accuracy of the AL to corneal curvature radius (AL/
CR) ratio (especially the combination of AL/CR ratio 
and parental myopia) for myopia assessment was higher 
than that of AL [13, 14, 37]. However, calculating AL/CR 
requires measuring AL and CR, which increases com-
plexity, demands high quality of data, and high technical 
and equipment requirements. Generally, it is difficult to a 
large-scale population-based research.

In this study, AL was measured using biometry because 
it is a gold-standard measurement method. Draw ROC 
curves for different age and sex groups to evaluate the 
predictive ability of AL for myopia in children, the results 

show that as age increases, the AL increases, with males 
having a higher AL than females. The results are not con-
sistent with previous trends found in study, which found 
that sex differences were not associated with AL changes 
in normal eye development [14, 38]. Using the optimal 
threshold of each group as a classification reference for 
their AL, the myopia rate of children with AL ≥ thresh-
old in all age groups and sex is much higher than that of 
children with AL < threshold, specifically: the AL thresh-
old of the 7–12-year-old children was 23.67 mm, which 
increased to 23.92 mm in the 13–15-year-old group and 
24.42  mm in the 16–18-year-old group in this study, 
which was 24.27 mm in males and 23.71 mm in females 
in the study. Our results showed that AL in children who 
had just developed myopia or had persistent myopia 

Table 6  Logistic regression analysis of AL reference values and myopia by age and sex groups
Model Comparison group Control group β SE Wald χ2 P OR 95% CI
Model1 Age group 13 ~ years 7 ~ years 0.61 0.07 81.58 < 0.01 1.85 1.62 ~ 2.11

16 ~ 18 years 0.55 0.09 34.13 < 0.01 1.73 1.44 ~ 2.08
Threshold AL ≥ < 1.48 0.07 518.40 < 0.01 4.41 3.88 ~ 5.01

Model2 Sex Female Male 0.26 0.06 17.09 < 0.01 1.30 1.15 ~ 1.47
Threshold AL ≥ < 1.72 0.06 721.76 < 0.01 5.58 4.93 ~ 6.33

*P < 0.05, **P < 0.01

Note Model 1 and Model 2 represent two different Logistic Regression models. Model 1 includes the Age group and the corresponding Threshold AL

Model 2 includes Sex and the corresponding Threshold AL

Fig. 6  ROC curves of AL and myopia risk assessment for different sex groups
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showed a faster elongation than in emmetropic children. 
These results had also been obtained previously in Singa-
porean [39] and Spanish [24].

Currently, work to prevent and control myopia in China 
is viewed as important but remains challenging. Asian 
countries including China has been linked to an inten-
sive education system with limited time outdoors [40]. 
This suggests that excessive AL may be useful for evaluat-
ing myopia risk. If the AL exceeds the critical threshold, 
sufficient attention should be paid to prevent the occur-
rence and development of myopia. This is consistent with 
previous studies [17, 26]. It is recommended to strictly 
monitor and control the excessive growth of children’s 
AL, which is of great significance for myopia prevention 
and control. Due to individual differences, other indi-
vidual characteristics such as age and sex should also be 
combined to comprehensively evaluate the growth of the 
AL in order to predict the risk of myopia when applying 
the eye axis to dynamic management [9]. From a public 
health perspective, these results hold a vital significance 
in school children.

The large data set with a wide age range and stratifica-
tion by sex are some of the key strengths of this analy-
sis, however, the non-homogeneity of the sample across 
specific ages was a limitation. The sample of this study is 
limited in a certain district of Beijing. Other limitations 
are the cross-sectional data with a single assessment per 
individual. The lack of longitudinal data is difficult to 
underly future risk of myopia. The study did not include 
other biological parameters of the eye and socio-eco-
nomic factors, et al. This study only used naked eye vision 
to screen for myopic and non-myopic populations. Addi-
tionally, although the AUC > 0.70, the predictive value of 
AL for myopia was needed in-depth study. The reasons 
are not entirely clear but may be related to measurement 
variability or the use of cross-sectional data in the devel-
opment of the ROC curves. Another potential limitation 
of the AL predictive model derived from urban Chinese 
children is that they are unable to be used across other 
groups that are not similar in distribution. Therefore, 
the predictive value of AL for myopia demonstrated in 
this study is somewhat limited. Later, multi-center, large 
sample studies were conducted by expanding the regional 
scope to further investigate and validate the conclu-
sions. We will perform mydriatic refraction, which may 
result in more accurate results in future. Further conduct 
prospective cohort studies to investigate whether AL 
changes can be as an useful proxy for evaluating the pro-
gression of myopia.

Conclusion
In this study, we evaluated the performance of using AL 
for detecting myopia and found that AL might be a key 
indicator for myopia assessment in school-age children. 

Age-specific and sex-specific AL threshold might be use-
ful indicators for monitoring and estimating the probabil-
ity of myopia. Importantly, myopia probability estimates 
using AL, sex and age are comparable to screening tech-
niques. This study might provide a useful tool for pop-
ulation-based screening myopia or estimating myopia 
prevalence in epidemiological studies.
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