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ABSTRACT

Background: Refractive errors result in difficulty in focusing on an object clearly, leading to blurred vision. A recent study
by the WHO has reported that refractive errors have become the leading cause of visual impairment. The development of
refractive errors has been a significant concern over the last two decades due to its high prevalence worldwide. One possible
condition that may occur in individuals with refractive errors is a change in axial length. Axial length is defined as a
measurement from the corneal surface to the retinal surface. Aims: To analyze the correlation between axial length and the
occurrence of refractive errors in myopia and hypermetropia patients at the Ophthalmology Department of Diponegoro
National Hospital. Methods: This observational analytical study with a cross-sectional design was conducted on 36 eyes
from 18 patients; each suffering from myopia and hypermetropia at the Ophthalmology Department of Diponegoro
National Hospital. Patients provided informed consent, and then the axial length was measured using ultrasound biometry.
Data analysis was performed using univariate analysis and Spearman correlation bivariate analysis. Results: The results
of the Spearman statistical test showed a significant correlation between the axial length and the occurrence of myopia
(p=0.003) with a moderate correlation strength and the occurrence of hypermetropia (p=0.000001) with a strong correlation
strength. Conclusion: The axial length has a significant correlation with the occurrence of refractive errors, especially in
myopia and hypermetropia patients.
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INTRODUCTION in Southeast Asia.*® Moreover, high myopia rates
According to the World Health Organization  vary from 0.2% to 13.1% in the general population,
(WHO), refractive errors are very common eye  with the highest prevalence occurring in Asian
disorders. Refractive errors prevent the eyes from populations.* In Indonesia, the prevalence of myopia
focusing clearly on an object, leading to blurred  with a refractive error greater than -0.5 D among
vision. The development of refractive errors has been  young adults over the age of 21 is 48.1%°
a major concern in the last two decades due to their Myopia is a vision disorder where individuals find
high prevalence worldwide.! A recent WHO report it difficult to see and focus on distant objects. Without
indicates that refractive errors are the leading cause  correction, visual acuity in myopic patients continues
of visual impairment and the second leading cause of ~ to deteriorate, potentially leading to high myopia.’
vision loss globally, accounting for 43% of visual People with myopia, especially high myopia, are at
impairments.?2 In Indonesia, the prevalence of  higher risk of cataracts, glaucoma, and chorioretinal
refractive errors is 22.1%, making it the most disorders such as retinal detachment. Therefore, high
common among all eye disorders. Based on the  myopia ranks as the fifth most common cause of
results of the Rapid Assessment of Avoidable permanent blindness and a significant public health
Blindness (RAAB) survey conducted between 2014-  issue globally.*®
2016 in 15 provinces, the main causes of visual According to the Ministry of Health in Indonesia,
impairment and blindness were cataracts (70-80%) refractive errors account for 70% of blindness cases.®
and refractive errors (10-15%).> The most common Considering the high prevalence of myopia in
refractive errors include myopia, hypermetropia, and Southeast Asia, while studies indicate a high
astigmatism. prevalence of hypermetropia in Europe, drawing
In the United States, Australia, and Western conclusions is challenging. Most of these studies were
Europe, 25%, 16%, and 27% of the adult population, conducted on older adults, and the high prevalence of
respectively experience myopia.* The prevalence rate  hypermetropia in this age group is a normal finding
in Asia is even higher among students, with over 80% due to age-related refractive index changes.
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Hypermetropia itself is a vision disorder where
individuals find it difficult to see and focus on close
objects. Individuals with uncorrected hypermetropia
may experience symptoms such as blurred vision, eye
strain,  accommodative/binocular  dysfunction,
amblyopia, and/or strabismus.

Changes in the axial length may occur in
individuals with refractive errors, both myopia and
hypermetropia.” Axial length is the distance
measured from the corneal surface to the retinal
surface. Children with myopia have longer axial
lengths and deeper vitreous chambers compared to
emmetropic children (Ramle et al., 2021).2
Additionally, individuals with hypermetropia have
shallow anterior chamber depths and shorter axial
lengths compared to myopic and emmetropic eyes.
Lourdes Llorente et al. stated that the average axial
length in myopia is 25.16 + 1.23 mm, whereas in
hypermetropia, it is 22.62 £ 0.76 mm. Therefore,
axial length is a component that influences the
occurrence of refractive errors.

METHODS

This study is an analytical observational research
with a cross-sectional design, conducted using
samples of patients with myopia and hypermetropia
at the Ophthalmology Department of Diponegoro
National Hospital who met the inclusion and
exclusion criteria. Inclusion criteria for this study
include being above 13 years old and willing to
participate in the research with informed consent.
Exclusion criteria include a history of eye trauma,
previous use of orthokeratology lenses, having more
than one refractive disorder, a history of eye surgery,
and undergoing intraocular surgery.

The sampling method used in this study is
purposive sampling, and a total of 36 eyes from 18
patients with myopia and hypermetropia were
included. The research was conducted in June 2023
at the Ophthalmology Department of Diponegoro
National Hospital. The independent variable in this
study is the axial length, while the dependent
variables are myopia and hypermetropia.

Data analysis includes univariate and bivariate
tests. Univariate analysis is used to determine the
distribution of variables in the form of frequency
tables and percentages. Bivariate analysis is
conducted to examine the relationship between
variables.
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Data were analyzed using SPSS Statistics
program. The relationship between axial length and
the occurrence of refractive errors analyzed by the
Spearman correlation test since the data distribution
is non-normal. A significant relationship is
established if the p-value is less than 0.05.

RESULTS
General Characteristics of the Sample

The study was conducted on 36 eyes from 18
patients, each suffering from myopia and
hypermetropia. The samples were collected by
measuring the axial length in both eyes of the patients.

The distribution of the data is as follows :
Table 1. General Characteristics of Variables

Variable Myopia  Hypermetropia  P-Value
Sample 36 36
Age
Maximal 39 68
Minimal 20 39
Mean 22,61 52,28 0,000
Gender
Female (%) 67 83
Male (%) 33 17
Dioptric
Power
Maximal -5,25 3,25
Minimal -0,5 0,5
Mean -2,333 1,673 0,000
Axial Length
Maximal 26,76 24,5
Minimal 19,29 19,67
Mean 23,288 22,796 0,251

1 Significant (p < 0,05)

Based on the table, the average age in the myopia
group was lower than in the hypermetropia group.
The hypermetropia group also showed a wider age
range compared to the myopia group. The statistical
test yielded a p-value of 0.000, indicating a significant
difference in average age between the myopia and
hypermetropia groups (p < 0.05).

Regarding gender, females had a higher ratio than
males in both the myopia and hypermetropia groups.
In this study, the total number of female samples
dominated, comprising 27 out of 36 respondents.

In terms of visual acuity or dioptric power, a p-
value of 0.000 was obtained, indicating a significant
difference in average visual acuity between myopia
and hypermetropia groups. The myopia group
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exhibited a more varied range of dioptric power
compared to the hypermetropia group.

Meanwhile, in the variable of axial length, a non-
significant difference in the average was found
between the myopia and hypermetropia groups. This
lack of significance was due to the distribution of
axial length data in both groups falling within the
same range, between 20-25 mm.

Table 2. Correlation between Axial Length and Age

Variable Axial Length
Myopia Hypermetropia
Age p 0,023 0,010
0,201 -0,210

! Significant (p < 0,05)

According to the table, in the analysis of the
correlation between axial length and age in the
myopia group indicating that the axial length has a
significant correlation with age in the myopia group.
Additionally, the obtained correlation coefficient r of
0.201 indicates a weak positive statistical correlation,
suggesting that as the axial length variable increases,
the age variable also increases in the myopia group.

Meanwhile, in the analysis of the correlation
between axial length and age in the hypermetropia
group also indicating a significant correlation
between axial length and age in the hypermetropia
group. Additionally, the obtained correlation
coefficient r of -0.210 indicates a weak negative
statistical correlation, suggesting that as the axial
length variable increases, the age variable decreases
in the hypermetropia group.

Table 3. Correlation between Axial Length and Gender

Axial Length
Variable Myopia Hypermetropia
Gender p 0,687 0,203
r -0.068 -0.215

1 Significant (p < 0,05)

Based on the table, in the analysis of the
correlation between axial length and gender in both
the myopia and hypermetropia groups indicating that
axial length does not have a significant correlation
with gender.
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Correlation between Axial Length and Myopia

Table 4. Correlation between Axial Length and
the Occurrence Myopia

Variable Axial Length
Dioptric power p 0,003
r 0,480

1Significant (p < 0,05)

Based on the table, the analysis of the correlation
between axial length and the occurrence of myopia
using the Spearman correlation test indicating that the
axial length has a significant correlation with myopia.
Additionally, the obtained correlation coefficient r of
0.480 indicates a moderate positive statistical
correlation, suggesting that as the axial length
variable increases, the dioptric power variable also
increases in the myopia group.
Axial

Correlation  between and

Hypermetropia

Length

Table 5. Correlation between Axial Length and
the Occurrence Hypermetropia

Variable Axial Length
Dioptric power p 0,000001
r -0,707

1 Significant (p < 0,05)

Based on the table, the analysis of the correlation
between axial length and the occurrence of
hypermetropia using the Spearman correlation test
indicating that that the axial length has a significant
correlation with hypermetropia. Additionally, the
obtained correlation coefficient r of -0.707 indicates a
strong negative statistical correlation, suggesting that
as the axial length variable increases, the dioptric
power variable decreases in the hypermetropia group.

DISCUSSION
Correlation between Age and the Occurrence of
Refractive Errors: Myopia and Hypermetropia

In this study, the age range observed for myopia
was 20-39 years, with an average of 22.61 years.
Rahmat Albar et al. (2023) found that most myopia
develops during school-age years with the majority of
myopic respondents were in the age range of 19-20
years, constituting 57.5%.° Factors influencing
myopia development include genetic factors that
progressively develop in children with habits of
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reading at close distances. It can be concluded that
myopia is prevalent among young adults.°

For hypermetropia, the age range observed was
39-68 years, with an average of 52.28 years that
indicates a broader age range for the hypermetropia
group compared to the myopia group. The broader
range can be attributed to the fact that hypermetropia
can occur from a young age to old age. Studies by
Ribka Dwi (2021) suggested that 2.31% of children
aged 10-18 vyears suffered from hypermetropia.
Additionally, research by Tien Ying Wong et al.
indicated that hypermetropia was most prevalent
among individuals aged 60-69 years.}® Genetic
factors play a significant role in the development of
hypermetropia, outweighing environmental
influences.'

Correlation between Axial
Occurrence of Myopia

In the Spearman correlation test, it was found that
there is a significant relationship between the axial
length and the occurrence of myopia, with a p-value
of 0.003. These results align with several previous
studies. Rahmat Syuhada's study in 2017 stated that
the comparison between the average axial length in
myopia patients and normal individuals yielded
significant results. The study mentioned that myopia
patients have an average axial length ranging from
22.78 to 25.76 mm, while in normal individuals, it is
between 22.5 to 24.08 mm.*?

Veena Bhardwaj et al. (2021) found that myopia
patients tend to have a longer axial length compared
to normal eyes, hypermetropia patients, and
astigmatism patients in several age groups.
Additionally, it was observed that the axial length
increases as individuals with myopia age, as
supported by Paul Chamberlain's study in 2021.%

In contrast, in normal eyes, there is an initial
increase in axial length, followed by a decrease in the
rate of axial length increase at a certain age. This
phenomenon is supported by the theory that the
increase in axial length occurs due to underlying
physiological factors, as mentioned in the study by
Min Woo Lee in 2020.2 Furthermore, individuals
with high degrees of myopia exhibit a significant
increase in axial length.'4

These findings are consistent with Ilyas's theory
in 2009, which states that the focal point of the optical
system is in front of the macula lutea. This situation

Length and the
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can occur due to overly strong optical systems
(refractive errors in distant vision) or eyeballs that are
excessively elongated, leading to axial myopia. Axial
myopia occurs when the length of the eye's orbital
axis is longer than the focal point of the refractive
media.

Correlation between Axial
Occurrence of Hypermetropia

The results of the Spearman correlation test in this
study indicate a significant relationship between the
axial length and the occurrence of hypermetropia,
with a p-value of 0.000001. These findings are
consistent with several previous studies. Additionally,
Veena's research in 2013 suggested that individuals
with hypermetropia tend to have shorter axial lengths
compared to normal eyes.

In the study by Samaneh in 2020, it was
mentioned that the theory of increased axial length is
believed to start from changes in the choroidal
thickness level. In hypermetropic eyes, there is a
thickening of the choroid layer, leading to a reduction
in the distance to the retinal pigment epithelium.® This
theory aligns with the results of this study, indicating
an average axial length of 23.288 mm in the myopic
group, while in the hypermetropic group, it is 22.796
mm. These findings are supported by a similar study
by Lourdes et al., which stated that the axial length in
hypermetropia patients (22.62 + 0.76 mm) is lower
than that in myopia patients (25.16 + 1.23 mm).
Rebecca et al. (2023) found that in the 12-13 years age
group, children with myopia show a faster increase in
axial length at a rate of > 0.20 mm/year, whereas
children with hypermetropia exhibit a slower increase
at a rate of < 0.20 mm/year.®

Correlation test between the axial length and the
age variable in the hypermetropic group yielded a p-
value of 0.010 and r-value of -0.210. The Spearman
test indicates a weak correlation between the axial
length and the age variable in the hypermetropic
group. Additionally, individuals with hypermetropia
tend to experience a shortening of the axial length
during adulthood. Susan's study in 2023 also stated
that there is a progressive shortening of the axial
length accompanied by an increase in hypermetropic
visual acuity over time. In another study, Zoraida et
al. mentioned that in the hypermetropic group, no
significant differences were found between the initial

Length and the
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and final measurements of the axial length during a
specific time range.

These research findings are in line with
Soumyadeep's theory in 2023, suggesting that in axial
hypermetropia, there is a shortening of the
anteroposterior axial length due to genetic
predisposition. A shortening of 1 mm in the axial
length can result in 3 diopters of hypermetropia.

CONCLUSION

The axial length has a moderate significant
correlation with the occurrence of myopia in patients
at the Ophthalmology Department of the National
Diponegoro Hospital. Similarly, the axial length also
has a strong significant relationship with the
occurrence of hypermetropia in patients at the
Ophthalmology Department of the National
Diponegoro Hospital. The direction of the
relationship in both variables is negative due to
several factors outside the measured variables
affecting these results. These factors include genetic
factors, age, gender, and visual acuity, although they
were not measured in this study.
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