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Deep anterior chamber depth may be a risk factor for axial length growth in children
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Objective: To investigate and evaluate the progression of myopia and associated factors of axial length (AL) growth among children in Chongqing.

Methods: This six-month prospective study was conducted on students in grades 1 to 8 at a school in Chongqing, China. All participants underwent a standard ophthalmologic examination including uncorrected visual acuity (UCVA), noncycloplegic refraction, AL, and corneal topography in March 2023. Six months later, the above examinations were repeated to obtain follow-up data. Visual habits questionnaire was gained to analyze the correlation between the AL growth and vision-related behavior.

Results: A total of 417 students from Chongqing were enrolled in this study. The myopia prevalence was higher in follow-up (38.6%) than in baseline (33.3%) and the AL was longer in follow-up than in baseline (23.69 ± 1.03 mm vs. 23.57 ± 1.03 mm, p < 0.001). The anterior chamber depth (ACD) in students with AL growth greater than or equal to 0.2 mm (3.16 ± 0.23 mm) was deeper than that in students with AL growth less than or equal to 0.05 mm (3.02 ± 0.28 mm, p = 0.001), lens thickness (LT) was thinner (3.29 ± 0.10 mm vs. 3.33 ± 0.10 mm, p = 0.004). Furthermore, ACD was positively correlated with AL growth. (r = 0.181, p < 0.001).

Conclusion: Compared to SE, AL serves as a more sensitive indicator for monitoring myopia progression. ACD was positively correlated with AL growth, and deeper ACD may be contributed to longer AL growth.
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Background

In recent years, with the prevalence of myopia increasing globally, especially in East and Southeast Asia (1), it has become a more and more serious public health concern among children. A prior study predicted that by 2050, 84% of Chinese children and teenagers aged 3 to 19 years will be affected by myopia (2). Myopia has emerged as the predominant refractive error. Furthermore, there is an escalating risk of complications associated with myopia, including myopic macular degeneration, cataracts, retinal detachment and primary open-angle glaucoma, leading to irreversible vision loss (3).

There is convincing evidence from various studies confirming that both nature (genetics and heredity) and nurture (environment and lifestyle) are serving as triggers in mediating myopia (1) (4). Epidemiological investigation have consistently demonstrated that parental myopia has contributed to be a genetic factor influencing myopia in children, with the risk of myopia showing a correlation with the number of myopic parents (5) (6). As for the environment aspects including near-vision work time, outdoors activities (7) and sleeping time (8), all of these have also been identified as potential causative factors in the development of myopia.

Referred to as axial myopia, the majority of myopic cases are linked to the excessive elongation of the eye axis (9) that affects the change of refractive status (10) (11). Unlike refractive measurement susceptible to accommodation effects, axial length (AL) measurement remains unaffected by accommodation, displaying a more stable regularity in its age-related changes. It is a crucial and objective indicator for predicting the onset and progression of myopia conveniently in children and teenagers (12). The Pentacam anterior segment analyzer, adept at capturing numerous images of the ocular anterior segment, facilitates the computation of a three-dimensional corneal map and furnishes an array of biological parameters for the anterior segment (13). As is well known, refractive errors are greatly related to the ocular biometric parameters, and they are considered to be consequences of mismatch of ocular parameters during the development. We are attempting to explore the intrinsic correlation between myopia and the parameters obtained through Pentacam.

The degree of myopia is typically assessed through the quantification of the spherical equivalent (SE) refractive error measured in diopter (1). Previous insights drawn from multiple epidemiological studies (14) (15) have established connections between the environmental factors outlined above and SE. Nevertheless, the potential association of AL with myopia-related factors and ocular parameters has not been elucidated. Our longitudinal study on school-aged adolescents aims to fill these gaps by exploring potential factors associated with the elongation of AL.



Materials and methods

This school-based prospective study was conducted with students in grades 1 to 8 at the Fenghuang Experimental School in Shapingba District, Chongqing. The Ethics Committee of the First Affiliated Hospital of Chongqing Medical University approved the study and it was conducted in accordance with the principles of the Declaration of Helsinki. At least one parent or legal guardian of each participant was informed about the study and signed an informed consent form.


Study population

Sampling for this study was conducted using whole cluster sampling. Briefly, two classes were randomly selected from each grade level from first grade to eighth grade and all the students in the selected classes were investigated and followed up. The exclusion criteria were as follows: (i) Suffering from severe eye diseases such as cataract, uveitis, corneal diseases and glaucoma, (ii) A diagnosis of strabismus or amblyopia, (iii) Recent history of wearing orthokeratology and (iv) Loss of follow-up or incomplete information due to various reasons. A total of 451 students were included in this school-based study.



Methods

All participants underwent a standardized ophthalmic examination at baseline. Uncorrected visual acuity (UCVA) was assessed and recorded in LogMAR scores by using the standard logarithmic visual acuity chart at 5 meters. Noncycloplegic refraction was performed with an autorefractor (Supore, China). AL was measured with the AL-scan (NIDEK, Japan). Intraocular pressure (IOP) was assessed with a non-contact tonometer (NIDEK, Japan). Corneal and anterior chamber parameters were measured with the Pentacam AXL (Oculus Optikgeräte GmbH, Wetzlar, Germany). The quality specification section on the output graph was used to assess the quality, with an “OK” reading indicating an acceptable quality. Noncycloplegic refraction, IOP, and AL measurements were performed at the 6-month follow-up visit. All examinations were performed by skilled ophthalmologists. At least three measurements were made for each eye and averaged, but only the right eye of each participant was selected for statistical analysis. Spherical equivalent (SE) equals diopter (D) of spherical power plus 1/2 diopter (D) of cylindrical power. Myopia was defined as SE ≤ −0.5D and UCVA >0 logMAR. In addition, to investigate the association between lifestyle and the progression of myopia, students were required to complete questionnaires about genetic and environmental issues that may contribute to myopia at the 6-month follow-up visit. The questionnaire included information on average daily outdoor activity, digital screens use, and sleep time over the past 6 months. The questionnaires were completed by the students themselves or with the help of their parents.

The investigated indices were as follows: UCVA, SE, AL, IOP, elongation of the AL (ΔAL = AL at 6-month follow up - AL at baseline), AL to corneal radius of curvature ratio (AL / CR), mean curvature power of the cornea within the central 3-mm circle (Km), astigmatism of the front surface (Astig. F), astigmatism of the back surface (Astig. B), corneal thickness at the apex (CCT), white to white distance (WTW), internal anterior chamber depth (ACD), mean anterior chamber angle (ACA), anterior chamber volume at 10 mm diameter (ACV), eccentricity of the front surface of the cornea (ECC. F), lens thickness (LT), and eccentricity of the back surface of the cornea (ECC. B).



Statistical analysis

The statistical analysis was performed with SPSS version 26 (IBM Corp. in Armonk, NY, USA). One-sample Kolmogorov–Smirnov tests and the normal distribution histogram method were used to assess the normality of the distributions of the continuous variables. Paired samples t-test was employed to compare normally distributed continuous variables, and Mann–Whitney U test was used to compare skewed continuous variables. The chi-squared test was utilized to compare categorical variables. Pearson’s correlation analysis was used to analyze the correlation between ΔAL and ocular parameters. Stepwise multiple linear regression analysis was conducted to explore the relationship between ΔAL and ocular parameters. The significance level was set at p < 0.05.




Results


General information

At the 6-month follow-up, 34 students were excluded for wearing corneal contact lenses or transferring to another school, resulting in a total of 417 students, 202 (48.4%) boys and 215 (51.6%) girls, aged between 7 and 14 years, participating in the study. The number of students in each grade group is equal approximately and the gender ratio is close to 1:1 (Table 1).



TABLE 1 Distribution of participants by grade level.
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Myopia progression

As displayed in Table 2, the myopia rate increased in all grade groups expect in 4th grade, and the overall myopia prevalence in baseline was 33.3%, which was increased by 5.3% as compared to that in follow-up (38.6%), with no statistically significant difference (p = 0.112). Apart from 1st grade, no significant differences in the change of SE were observed among each grade groups (Figure 1A). However, the median (quartile) SE progression for this sample set was lower in follow-up [−0.50 (−1.63, 0) D] than in baseline [−0.50 (−1.50, 0) D, p < 0.05]. As for AL, there was a significant increase in all grade groups (Figure 1B), and the average AL had significantly higher in follow-up than in baseline (23.69 ± 1.03 mm vs. 23.57 ± 1.03 mm, p < 0.001).



TABLE 2 Comparison of myopia progress in different grades.
[image: Table2]
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FIGURE 1
 Comparison of spherical equivalent (SE, A) and axial length (AL, B) at 6-month follow-up versus AL and SE at baseline. D, diopter.


According to ΔAL, we divided students into two groups, with ΔAL greater than or equal to 0.2 mm for Group A and smaller than or equal to 0.05 mm for Group B. A total of 60 and 117 students were included in Group A and Group B, respectively. We compared the eye parameters of different growth rate groups of AL. As illustrated in Table 3, the SE at baseline was lower (p = 0.006), No. of myopic parents was greater (p < 0.001), and time spent outdoors was shorter (p = 0.001) in Group A than in Group B. In addition, ACD in Group A (3.16 ± 0.23 mm) was deeper than that in Group B (3.02 ± 0.28 mm, p = 0.001), LT in Group A (3.29 ± 0.10 mm) was thinner than that in Group B (3.33 ± 0.10 mm, p = 0.004), and this difference persisted after correcting for the number of myopic parents and time spent outdoors (p = 0.017).



TABLE 3 Comparison of ocular parameters between different growth rate groups in AL.
[image: Table3]



Correlation analysis

Pearson’s correlation analysis was performed to analyze the correlation of the AL growth with ocular parameters and myopia related factors. As shown in Table 4, Km (r = 0.100, p = 0.042), ACD (r = 0.181, p < 0.001), ACA (r = 0.116, p = 0.017), ACV (r = 0.128, p = 0.009), No. of myopic parents (r = 0.278, p < 0.001), and time spent on digital screens (r = 0.123, p = 0.012) were positively correlated with the growth of AL. While age (r = −0.115, p = 0.019), LT (r = −0.174, p < 0.001) and time spent outdoors (r = −0.212, p < 0 0.001) were negatively correlated with the growth of AL. Nevertheless, there was no statistically significant correlation between the growth of AL and IOP (r = 0.005, p = 0.926), nor the sleeping time (r = −0.010, p = 0.843).



TABLE 4 Correlation analysis of ocular parameters with the growth of the axial length.
[image: Table4]



Stepwise multiple linear regression

Stepwise multiple linear regression analysis was applied to further explore the relationship between the growth of AL and factors mentioned above. Table 5 displayed that only the number of myopic parents, time spent outdoors, LT, ACD, age and time spent on digital screens were retained in the final model (R2 = 0.163). These factors explained 16.3% of the growth of AL.



TABLE 5 Associations between the growth of the axial length and possible risk factors.
[image: Table5]




Discussion

Myopia swept across the world over the past three decades, it has become a serious public health problem necessitating urgent solutions. Our longitudinal investigation of school-aged students over a six-month period detected a rise in myopia prevalence and AL. Notably, ACD exhibited a positive correlation with AL growth, suggesting that deeper ACD may be contributed to longer AL growth.

Our study meticulously compared data on changes in myopia prevalence, SE and AL between the baseline and the follow-up. We observed that not only did the total myopia prevalence increase, but there was also a slight uptick in almost all grade groups after 6 months. The median (quartile) SE progression for all grade group excluding 1st grade was lower in the follow-up than that in the baseline. A significant rise in AL was evident across all grade groups, with the average AL notably longer in the follow-up compared to the baseline. These findings align with prior researches (1, 16), showing school-aged children are prone to myopia. It may stem from the inherently unstable ocular conditions of during adolescence, a pivotal developmental phase, susceptible to the influences of genetic and environmental factors. Interestingly, our study revealed an overall SE progression of 0 (−0.25, 0.25) D, indicating a slower pace compared to other surveys reporting myopia progression of −0.3D in 6 months or − 0.6D in a year (17, 18). This result is consistent with the former longitudinal studies conducted in North America (18–20), demonstrating that myopia progression showed a seasonal correlation and eye growth was slower in the summer. Our six-month research, spanning from March to September, inclusive of the entire summer, benefited from ample ambient illuminance, potentially mediating protective effects against myopia through retinal dopamine release (21). Another possible reason is that the school we investigated was located in an area close to rural areas and the students had less academic pressure compared their urban counterparts. Their lower progression of myopia showed regional disparity consistent with previous studies (22).

It is noteworthy that statistical significance was observed only in the overall sample for myopia prevalence and SE progression were statistically significant, not for each grade group. We attribute this to the modest progression degree and marginally smaller sample size in individual grade groups, leading to insufficient significance in the progression while the total sample size is sufficient, thus exhibiting statistical differences. Nevertheless, changes in AL demonstrated statistical significance not only in the entire sample, but also within each grade group. AL increases correspondingly during ocular development and is closely linked to SE changes (10, 11). Compared to SE, subtle differences of AL in small sample sizes were detectable and statistically significant, indicating that AL may emerge as a more sensitive indicator than SE to monitor myopia occurrence and progression. In our study, the SE was measured by noncycloplegic refraction, ensuring high accuracy in adolescent myopia screening and monitoring. However, it cannot fully replace cycloplegic refraction currently, as it is influenced by ocular accommodation (23). In contrast, AL measurements were obtained through optical biometry, a non-contact method with advantages of minimal measurement error, convenience and speed (24). Compared to computer optometry in myopia screening, AL demonstrates high accuracy and does not necessitate medication for ciliary muscle paralysis (25). This not only streamlines the examination process and saves time, but also avoids adverse reactions caused by ciliary muscle paralysis in students. Building on these advantages, our study provides additional evidence supporting AL as a more precise tool for monitoring myopia progression than SE. It holds the potential for widespread application in the screening and monitoring of myopia in public health for children, thus augmenting the effectiveness of myopia prevention and control.

We categorized the students into two groups based on ΔAL and conducted a comparative analysis of ocular parameters between the two groups. The findings revealed that students exhibiting greater AL increments tended to have deeper ACD and thinner LT. Given the notable growth of AL, we have performed Pearson’s correlation analysis to analyze AL growth with ocular parameters and myopia related factors. The results suggested that ACD mentioned above showed a statistically significant positive correlation with ΔAL. AL encompasses corneal central thickness (CCT), ACD, LT, and vitreous cavity depth (VCD) (10), each of which influences the refractive state of eyes. A previous study analyzing biometric parameters across different degrees of myopia found that patients with moderate myopia experienced an increase in ACD and a decrease in LT compared to those with low myopia (26). In a prospective cohort study on retinopathy of prematurity (ROP), eyes affected by ROP exhibited shallower ACD, higher LT, and greater degrees of refractive errors with similar AL (27). Shih et al. revealed that AL and ACD increased with the severity of myopia (28). Lee et al. found the ACD of myopia in children is the deepest, and that of hyperopia is the shallowest (29). In our research, we found similar results as before. Currently, there are few reports on the association between ACD and myopia. During eyeball development, as axial length increases, the refractive state undergoes a gradual shift from hyperopia to emmetropia, eventually progressing to myopia. The hyperopia state preceding emmetropia is termed hyperopia reserve (HR) (expressed as spherical equivalent, SE). Children experience smaller SE changes with the same AL increment compared to adults. We hypothesize that the deepening of ACD is offset by the decrease in refractive index resulting from lens thinning. Due to the decrease in refractive index of lens, visual imaging is located behind the retina. Prolonged exposure to this stimulus leads to a trend of AL growth. Consequently, children with deeper ACD exhibited thinner LT and higher AL growth, as evident in our results. Additionally, another point is that axial myopia may primarily arise from abnormal changes in the anterior segment structure. In light of these findings, deep ACD may be a risk factor for AL growth in children, demonstrating the ability to predict progression in the early stages of myopia like AL does. Even when SE fails to exhibit significant changes due to hyperopia reserve, both AL and ACD have undergone variations and can be detected. Our results on ACD contribute to an additional perspective for identifying myopia risk through ACD.

Moreover, evidence supports that children with myopic parents are more likely to develop myopia compared to those with non-myopic parents and outdoor-activities have a protective effect on the development and progression of myopia (30). This protective effect may be attributed to the heightened exposure to natural light outdoors, a notion reinforced by animal research findings in chicks, strongly indicating that light intensity influences myopia development (31). These findings align with our study. Moreover, we found a significant correlation between time spent digital screens and ΔAL that in line with prior research (32). Intriguingly, we observed a negative correlation between age and ΔAL. Studies have shown that during the normal development of human eyes, AL increases rapidly in infancy and young children, with the growth rate gradually slowing down and stabilizing around the age of 13 (33–35). One plausible explanation could be the gradual cessation of eye development with age. Additionally, the change in diopter caused by AL growth can be compensated by the lens refractive power without significant alteration, establishing a certain safe allowable range for AL growth. Considering the negative correlation between lens refractive power and age (36), the safe allowable range for AL growth diminishes with age. Our findings aim to contribute valuable evidence for formulating a safe allowable range for AL growth.

Subsequently, we employed multiple stepwise linear regression analysis to delve deeper into the relationship between ΔAL and the aforementioned factors. In the final model, only the number of myopic parents, outdoor activity time, LT, ACD, age, and time spent on digital screens were retained. According to the standardized regression coefficients, we found that LT, the number of myopic parents, age and ACD wielded a more substantial impact on ΔAL, followed by time spent outdoors and time spent on digital screens. However, the model exhibited suboptimal fit and the explanatory power of it was slightly insufficient which can explain only 16.3% of ΔAL. We speculate that there may exist additional influencing factors not yet incorporated into this model. While we primarily relied on the precedents set by researchers to include the influencing factors of myopia for testing, we acknowledge the challenge of identifying all independent variables. Additionally, the modest explanatory power could be attributed to the relatively small sample size.

However, this study has several limitations. Firstly, the short time span and the relatively small sample size of each grade group results in insignificant statistical differences. Even though the sample size was small, we still conducted detailed visual acuity, optometry, AL and anterior ocular parameters examinations to analyze. Therefore, we will further expand the sample size to conduct prospective studies and verify our conclusions. Secondly, the noncycloplegic refraction results cannot completely replace cycloplegic refraction, but we had tried to obtain the true optometry through repeating measurements. Thirdly, the data on time spent on digital screens, time spent outdoors and sleeping time were not measured directly but were obtained through a questionnaire, which may have contributed to recall bias. To minimize these bias, questionnaire should be completed by both the children and their parents.

In conclusion, this survey gathered data from school-age children in order to track myopia progression, scrutinize AL growth and explore associated influencing factors. Our findings propose that AL stands out as a more sensitive indicator compared to SE for monitoring myopia progression. Notably, deep ACD may be a risk factor for AL growth. The measurement of ACD introduces novel perspectives for predicting AL growth and evaluating the efficacy of existing measures for myopia prevention and control.
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