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ABSTRACT: 
Clinical Relevance: This study underscores the significant correlation between axial length, anterior 
chamber depth, and refractive errors, offering valuable insights for the diagnosis, management, and 
prevention of visual impairments. The findings enhance the precision of intraocular lens (IOL) power 
calculations, facilitate myopia progression monitoring, optimize refractive surgery outcomes, and support 
early intervention strategies. Background: Refractive errors remain one of the leading causes of visual 
impairment globally, influenced by anatomical factors such as axial length and anterior chamber depth. This 
study aims to investigate the correlation between refractive errors, axial length, and anterior chamber depth 
across different age groups to better understand their interrelationship. Methods: A hospital-based cross-
sectional study was conducted at the eye care hospital in Rohini, New Delhi, involving 214 eyes from 107 
participants aged 10 to 40 years. Inclusion criteria encompassed patients with refractive errors ranging from 
±0.25D to ±6D spherical and up to ±2D cylindrical. Exclusion criteria included individuals with ocular or 
systemic comorbidities and those with a history of ocular surgery. Visual acuity and refractive status were 
assessed using a Snellen’s chart, auto-refractometer, and cycloplegic retinoscopy. Axial length and anterior 
chamber depth measurements were obtained using an optical coherence biometer. Results: Of the 214 
eyes examined, 73.36% were myopic, with the highest prevalence in the 10–20-year age group (50.96%), 
while 26.64% were hyperopic, primarily in the 10–20 years (47.37%) and 31–40 years (42.10%) age groups. 
Myopic eyes exhibited significantly longer axial lengths (23.90 ± 0.99 mm) compared to hyperopic eyes 
(22.56 ± 0.68 mm, P < 0.0001). Although anterior chamber depth was greater in hyperopic eyes (3.95 ± 4.03 
mm) than in myopic eyes (3.65 ± 0.28 mm), this difference was not statistically significant (P = 0.3532). A 
strong positive correlation was found between axial length and myopia (r = 0.672, P < 0.0001), while a strong 
negative correlation was observed between axial length and hyperopia (r = -0.635, P < 0.0001). Anterior 
chamber depth showed weak, non-significant correlations with both myopia (r = -0.072, P = 0.3667) and 
hyperopia (r = -0.059, P = 0.6580). Conclusion: Axial length demonstrates a significant correlation with 
refractive errors, with increased axial length associated with myopia and reduced axial length linked to 
hyperopia. In contrast, anterior chamber depth exhibits minimal, non-significant variation between refractive 
error groups, suggesting its limited role in refractive error prediction compared to  
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INTRODUCTION: 
The refractive state is influenced by various biometric factors, including corneal curvature, anterior chamber 
depth (ACD), vitreous cavity length, lens thickness, axial length (AL), and the refractive power of both the 
cornea and lens.  (Fi-1) [1,2] 

Axial length (AL) is the distance from the corneal surface to an interference peak corresponding to the retinal 
pigment epithelium membrane. Studies indicate that the depth and volume of the anterior chamber—
measured as the distance from the posterior cornea to the anterior surface of the crystalline lens—diminish 
with age and are correlated with the degree of ametropia. [3,4] 
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Emmetropization is achieved through the coordination of the cornea’s dioptric power and the crystalline lens, 
ensuring a clear retinal image and appropriate focal length adjustment. During this process, axial elongation 
is not solely dictated by refractive error. [5,6,7] 

At birth, the cornea has an average refractive power of approximately 48 diopters (D), which decreases by 
about 4 D by the age of two. In infancy, the crystalline lens has an average power of 45 D, which gradually 
reduces to 20 D by the age of six. Simultaneously, axial length increases by approximately 5–6 mm. The 
stability of the refractive state is maintained by the combined influence of corneal refractive power, lenticular 
refractive power, and overall eye length. [8-12] 
The average axial length of a newborn's eye is approximately 16 mm. During infancy, it grows to about 19.5 
mm and further increases to 24–25 mm over the next two years, reaching adult size by around three years of 
age. The ACD in full-term newborns ranges from 1.5 to 2.9 mm and increases to 3–4 mm in the adult 
emmetropic eye. [13-16] 

 

 
In adulthood, axial length remains relatively stable. A gradual shift towards hyperopia is common, particularly 
after the age of 40. The human eye undergoes significant postnatal growth, with full-term newborns having a 
mean axial length of 16–18 mm and an ACD of 1.5–2.9 mm. In adults, the standard axial length is 22–25 
mm. The anterior chamber depth in an adult emmetropic eye typically ranges from 3 to 4 mm. [17-20] 
Axial length is a critical parameter in ophthalmic evaluations, playing a key role in determining refractive 
errors. It is also an essential diagnostic tool for identifying conditions such as staphyloma and assessing the 
risk of retinal detachment. [14,24] Cataract surgery, one of the most commonly performed procedures 
worldwide, relies on AL measurements along with other ocular parameters, such as ACD and corneal 
curvature (K), to ensure accurate intraocular lens (IOL) power calculations. [2] Myopic eyes typically exhibit 
characteristics such as increased AL, a deeper anterior chamber, and greater vitreous depth compared to 
non-myopic eyes. 
 
EPIDEMIOLOGY: 
Visual impairment is a major global health issue, with uncorrected refractive errors becoming the leading 
cause of vision problems as people age. As a treatable cause of blindness, second only to cataracts, early 
detection is crucial. The 2010 Global Burden of Disease study reported uncorrected refractive errors caused 
1.2 million cases of moderate to severe visual impairment and 6.8 million cases of blindness. The roles of 
genetic and environmental factors in refractive error development remain uncertain. 
Recent studies and WHO reports indicate that refractive errors are the first cause of visual impairment and 
the second cause of visual loss worldwide as 43% of visual impairments are attributed to refractive 
errors.[25] In a review study, Naidoo et al. showed that uncorrected refractive errors were responsible for 
visual impairment in 101.2 million people and blindness in 6.8 million people in 2010. [26] 
A recent longitudinal study of children 6 to 14 years of age reported that normal development of the 
crystalline lens is characterized by thinning, flattening, and a decrease in power to maintain 
emmetropia.  According to previous reports, axial length (AL) is increased by 3 mm between the ages of 9 
months and 9 years, and corneal dioptric power does not change over this period.  However, during the 
same period, because the crystalline lens power has decreased by more than 15.0 D, the change in the focal 

Fig 1 ANATOMY OF THE EYE 
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length is offset by a change in the power of the crystalline lens. Therefore, the relationship between changes 
in crystalline lens and axial elongation is considered essential for emmetropization. [27-29]  

A review of the literature and medical databases reveals that many studies have been conducted on the 
epidemiology of refractive errors across the world since 1990. Although numerous studies report the 
prevalence of refractive errors every year, many new articles are published on the epidemiology of these 
errors annually due to their importance and prevalence. [30, 31] 
 
MATERIAL AND METHOD: 
The present cross-sectional study was conducted at Sector 7, Rohini, New Delhi after institutional ethical 
committee approval. A total of 214 eyes of 107 patients aged between 10 to 40 years and the refractive error 
in limits of ±0.25 to ± 6 spherical with ± 2 cylindrical were involved in the study whereas, exclusion criteria 
include corneal and lenticular opacities, glaucoma, retinal disorders, systemic illnesses, 
immunocompromised conditions, prior eye surgery, and failure to participate. 
Written consent was obtained from all participants. A detailed history of the patient's complaints, onset, and 
duration of symptoms was recorded. Visual acuity for both distance and near was assessed using Snellen's 
chart. The refractive status was estimated using a standard auto-refractometer and retinoscope, and 
cycloplegic retinoscopy readings were compared with auto-refractometer results. Patients returned 2-3 days 
later for refractive correction. Axial length, and anterior chamber depth, were measured using an optical 
coherence biometer. Participants were divided into three age groups: 10-20, 21-30, and 31-40 years. Data 
such as age, gender, vision, and refraction were recorded to assess correlations with anterior chamber 
depth, and axial length. 
 
STATISTICAL ANALYSIS: 
Data was assessed using SPSS V 23.0 software. Continuous variables were expressed in mean and 
standard deviation whereas, categorical variables were shown in frequency and percentage. The T-test was 
used to compare continuous variables, whereas the chi-square test was used to assess the categorical 
variables. Pearson’s correlation coefficient test was used to find the correlation between variables. P<0.05 
was considered as statistically significant. 
 
RESULTS: 
The mean age of the study subjects was 23±9.77 years. The majority of subjects were female (n=62, 
57.94%). Based on objective refraction, n=157 (73.36%) and n=57 (26.64%) eyes were myopic and 
hyperopic respectively. (Fig-2) The mean spherical equivalent of the myopic and hyperopic eyes were 2.85 ± 
2.10D, and 1.16 ± 3.35D, respectively. The mean age was comparable when compared between myopic and 
hyperopic subjects (22.46±9.79 years vs 23.52±9.90 years, P=0.4859). Myopia was most common in the 10-
20 years age group (50.96%) whereas, hyperopia was most seen in the 10-20 years (47.37%) and 31-40 
years (42.10%) age groups (Table-1, Fig-3). 

 

 
Age (years) Myopia n, (%) Hyperopia n, (%) P-value 

10-20 80 (50.96) 27 (47.37) 

0.0086 
21-30 40 (25.48) 6 (10.53) 

31-40 37 (23.56) 24 (42.10) 

Total 157 (100) 57 (100) 

Table 1. Distribution of subjects according to refractive error and age 
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Fig 2-Distribution of refractive error  
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AL was found to be significantly longer in myopic eyes compared to hyperopic eyes (23.90±0.99mm vs 
22.56±0.68mm, P<0.0001). The ACD was deeper in hyperopic eyes than myopic eyes however, the 
difference was statistically insignificant (3.65±0.28mm vs 3.95±4.03mm, P=0.3532) (Table-2, Fig-4). 
 

Parameters 
Myopia (n=157) Hyperopia (n=57) 

P-value 
Mean SD Mean SD 

Axial length (mm) 23.90 0.99 22.56 0.68 <0.0001 

Anterior chamber depth (mm) 3.65 0.28 3.95 4.03 0.3532 

Table 2. Comparison of study parameters according to refractive errors 
 

 
Fig 4 - Comparison of study parameters according to refractive errors 

 
Table 3. Correlation of refractive errors with study variables 
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Parameters 
Myopia (n=157) Hyperopia (n=57) 

Correlation (r) P-value Correlation (r) P-value 

Axial length (mm) 0.672 <0.0001 -0.635 <0.0001 

Anterior chamber depth (mm) -0.072 0.3667 -0.059 0.6580 

Fig 3-Distribution of subjects according to refractive 

error and age 
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Bivariate correlation revealed a strong negative correlation (-0.635) between the AL and the hyperopic SPH, 
which was significant P<0.0001. Conversely, there was a strong positive correlation (0.672) between AL and 
the myopic SPH, which was highly significant P<0.0001. A weak negative correlation of ACD with myopia (-
0.072) and hyperopia (-0.059) was found however, the correlation was statistically insignificant (P=0.3667 
and P=0.6580) (Table 3). 
 
DISCUSSION: 
The present study aimed to investigate the correlation among refractive errors, ACD, and AL in a hospital-
based population. Refractive errors, including myopia and hyperopia, are among the most common ocular 
disorders and have multifactorial etiologies, including structural variations of the eye such as AL and ACD. 
Our findings provide valuable insights into the structural differences underlying these refractive states and 
their association with age. 
The study revealed that the mean age of the participants was 23 ± 9.77 years, with a slight female 
predominance (57.94%). Myopia was predominantly observed in younger individuals, especially in the 10-20 
years age group (50.96%). Hyperopia, on the other hand, was more evenly distributed, with higher 
prevalence in both younger (10-20 years, 47.37%) and middle-aged (31-40 years, 42.10%) groups. This 
pattern aligns with the natural progression of refractive errors, as myopia often develops during school years 
and stabilizes in early adulthood, while hyperopia is more prevalent in early and middle adulthood due to 
compensatory changes in lens accommodation with age. 
The present study demonstrated a significant difference in AL between myopic and hyperopic eyes. Myopic 
eyes had a longer mean AL (23.90 ± 0.99 mm) compared to hyperopic eyes (22.56 ± 0.68 mm), with a highly 
significant P-value (<0.0001). This finding corroborates existing evidence that myopia is characterized by 
elongation of the eyeball, leading to a mismatch in the focal point of light on the retina, whereas hyperopia is 
associated with shorter axial dimensions. The strong positive correlation (r = 0.672, P < 0.0001) between AL 
and myopic SPH and the strong negative correlation (r = -0.635, P < 0.0001) between AL and hyperopic 
SPH underscore the critical role of axial elongation or shortening in determining the refractive state of the 
eye. Similarly, various other studies have reported comparable findings. [12, 13] 
The present study also analyzed the association between ACD and refractive errors. Although hyperopic 
eyes had a deeper mean ACD (3.95 ± 4.03 mm) than myopic eyes (3.65 ± 0.28 mm), the difference was not 
statistically significant (P = 0.3532). This finding is similar to the study conducted by Mallampalli VB, and 
Bokka VS.[14]Furthermore, bivariate correlation analysis revealed weak and statistically insignificant 
correlations between ACD and both myopia (r = -0.072, P = 0.3667) and hyperopia (r = -0.059, P = 0.6580). 
These findings align partially with prior research by Alrasheed SH and Aldakhil S, who also reported no 
significant correlation between ACD and refractive errors but found deeper ACD in myopic eyes compared to 
hyperopic eyes, contrasting the current study.[11] This disparity may be attributed to variations in study 
populations, measurement techniques, and sample sizes. Another contributing factor could be the interplay 
of other anatomical parameters, such as AL, which is widely recognized as a more dominant determinant of 
refractive errors compared to ACD. 
Our findings indicate that AL is a more critical parameter in explaining refractive errors than ACD. While ACD 
showed no significant variation with refractive error type or age, AL exhibited marked elongation in myopia, 
consistent with age-related ocular growth and remodeling patterns. Understanding the structural correlations 
of refractive errors, particularly the role of AL, has significant implications for both diagnosis and 
management. These findings reinforce the importance of axial length measurements in refractive surgery 
planning and myopia control strategies. Additionally, the insignificant correlation between ACD and refractive 
errors highlights the need for further research into other potential contributing factors, such as lens thickness 
and curvature. 
This study has certain limitations. The cross-sectional design does not allow for causal inference between 
refractive errors and ocular biometry. Additionally, the relatively small sample size, especially for hyperopic 
eyes, may limit the generalizability of the findings. Longitudinal studies with larger cohorts and diverse 
populations are required to validate these correlations and explore potential age-related changes in greater 
depth. 
 
CONCLUSION:  
This study establishes a strong correlation between AL and refractive errors, emphasizing its pivotal role in 
determining refractive states. While ACD showed minimal influence, AL was significantly elongated in myopic 
eyes and shortened in hyperopic eyes. These findings contribute to a better understanding of the anatomical 
basis of refractive errors and highlight the need for targeted approaches in the management and prevention 
of these common visual disorders. 
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