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ABSTRACT

Background: Operative procedures have led to various side effects, including dry eyes, overcorrection, undercorrection,
optical aberrations such as glare, ghost images, halos, and infections.

Objective: To analyze changes in plasma levels of hepatocyte growth factors (HGF) levels and their effects on the
progression of axial length (AL) in severe myopia.

Method: This is a cross-sectional study that included all patients with severe myopia seeking treatment at USU Hospital.

Results: A total of 30 patients included in this study, with a mean HGF level of 1.17 + 0.73 ng/mL. The left eye-AL (LE-
AL) averaged 26.21 = 0.14 mm, and the right eye-AL (RE-AL) averaged 26.17 + 0.14 mm. Significant moderate positive
correlations were found between HGF levels and both LE- AL (r = 0.479, p = 0.007) and RE-AL (r =0.414, p = 0.023).

Conclusion: HGF levels are positively correlated with AL in patients with severe myopia. These suggest that HGF may play
a role in the pathogenesis of axial elongation and could serve as a potential biomarker for monitoring disease progression in
severe myopia.

1. INTRODUCTION

Severe myopia is associated with oxidative stress, which can contribute to its progression and lead to complications such as
uncorrectable visual impairment, potentially resulting in blindness. The primary approaches to managing severe myopia
include both conservative and surgical methods. Conservative treatments involve refractive correction, such as wearing
glasses or contact lenses, and the use of atropine eye drops. However, surgical procedures have been linked to several side
effects, including dry eyes, overcorrection, undercorrection, and optical aberrations such as glare, ghost images, halos, and
infections. Similarly, refractive correction methods like glasses and contact lenses also present challenges. Non-compliance
with wearing glasses can lead to conditions such as lazy eye (amblyopia), while contact lens use may cause side effects such
as infection, inflammation, toxicity, mechanical issues, and dry eyes. (Widodo, 2007; Murray, 2009; Tideman, 2016; AAO,
2019; Ma, 2021).

The prevalence and incidence of myopia, including severe myopia, have increased drastically over the past 20 years and are
expected to continue rising significantly until 2050. In 2000, approximately 22.9% of the global population, or 1.4 billion
people, had myopia. This figure increased to 27% (1.9 billion people) in 2010 and further rose to 33% (2.5 billion people) in
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2020. By 2050, it is projected that myopia will affect up to 52% of the global population, reaching an estimated 4.9 billion
people. (Zhu, 2012; Czepita, 2014; Holden, 2016).

In line with the increasing prevalence of myopia, there has also been a rise in the severity of the condition, particularly in
cases of high myopia. Severe myopia has been reported as the seventh leading cause of blindness in the United States, the
fourth in Hong Kong, and the second in China and Japan. Globally, the prevalence of high myopia was 2.9% (224 million
people) in 2010 and is projected to reach 10% of the world’s population, approximately 925 million people, by 2050. (WHO,
2017; Grzybowski, 2020).

According to the 2013 Basic Health Research Report, the prevalence of refractive disorders in Indonesia was 4.6%, while in
North Sumatra, it was 4.0%. A study by the Ministry of Health of the Republic of Indonesia found that the prevalence of
uncorrected refractive disorders in Sumatra was 12.9% (Riskesdas, 2013; Mahayana, 2017).

The rapid increase in myopia prevalence, combined with its vision-threatening complications, represents a significant public
health burden. Studies examining the relationship between myopia and ocular pathology have reported distinct differences
between mild-to-moderate and severe myopia. In severe myopia, hypoxia leads to increased oxidative stress, which triggers
continuous axial elongation of the eyeball, resulting in functional damage. This process causes thinning of the sclera as well
as atrophy of the retinal pigment epithelium and choroid. A logical assumption is that greater axial length is associated with
a higher risk of visual impairment. Currently, severe myopia is one of the leading causes of blindness worldwide, often linked
to disease progression conditions such as glaucoma, cataracts, retinal detachment, and myopic macular degeneration
(Tideman, 2016; Merida, 2020).

Axial length is a crucial factor in refractive disorders such as myopia and hypermetropia. It is defined as the distance from
the cornea’s anterior surface to the retinal pigment epithelium and is commonly measured using ultrasonography. During
early childhood, the eyeball undergoes significant growth. At birth, the axial length typically ranges from 16.6 mm to 16.8
mm, with the visual system still underdeveloped until around age three. Between birth and six years, the axial length increases
by approximately 5 mm, usually leading to emmetropia rather than myopia.

Axial length development occurs in three phases, rapid growth phase (birth — 18 months),

infantile phase (2-5 years), and juvenile phase (5-13 years). This structured growth pattern explains how the eye adapts
during development, ensuring proper visual function. (Meng, 2011; AAO, 2019; Bach, 2019).

Another important aspect of severe myopia management is environmental and dietary modification. Severe myopia linked
to oxidative stress is more common in cases with poor disease progression. Antioxidants play a crucial role in neutralizing
free radicals, preventing oxidative stress-related damage, and maintaining cellular health (Widodo, 2007; Murray, 2009;
Audrey, 2012; Gong, 2017; AAO, 2019; Wu, 2019).

Various biological substances have been explored as biomarkers of oxidative stress. Oxidative stress also arises from reduced
oxygen and nutrient availability, leading to ischemic and microvascular damage. Excess free radical production from lipid
and protein metabolism, combined with inadequate antioxidant intake, exacerbates oxidative damage. Micronutrients found
in plants, such as vitamins A, C, and E, folic acid, carotenoids, anthocyanins, and polyphenols, play a crucial role in
neutralizing free radicals (Gill, 2002; Murray, 209).

Hepatocyte growth factor (HGF) is a cytokine found in various ocular tissues, including the RPE, cornea, and choroidal
endothelial cells. HGF promotes endothelial development and neovascularization via the c- MET signaling pathway. Under
hypoxic conditions, HGF enhances retinal vascular permeability and increases eNOS activity via the phosphoinositide 3-
kinase/Akt pathway, leading to microvascular vasodilation. In myopia, HGF has been linked to increased matrix
metalloproteinase 2 (MMP-2) expression in scleral fibroblasts, which contributes to extracellular matrix degradation and
axial elongation. Overexpression of HGF has been reported in severe myopia (Khor, 2010; Merida, 2020).

Despite these findings, no published research has specifically examined changes in HGF levels and their impact on axial
elongation in severe myopia.

2. METHODS

This study employed a cross-sectional study design. The research was conducted at USU Hospital and the Integrated
Laboratory (Immunology Laboratory) of the Faculty of Medicine, Universitas Sumatera Utara.

The target population included all patients with severe myopia seeking treatment at USU Hospital. The accessible population
consisted of patients with severe myopia treated at USU Hospital who met the inclusion criteria.

The sample size calculation was based on the minimum required number of participants for HGF which are 30 participants.
To account for potential dropout or loss to follow-up, the sample size was increased by 20%, resulting in a minimum of 30
participants per group (Bhatia, 2006; Navea, 2018).
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The sampling technique used was non-probability sampling with a consecutive sampling method, where all eligible subjects
who met the inclusion criteria were enrolled consecutively until the required sample size was reached.

3. RESULTS

A total of 30 patients were included in the study. The demographic and clinical characteristics of the patients are summarized
in Table 1. Table 2 presents the correlation between HGF levels and AL in patients with severe myopia. The mean HGF
level was 1.17 + 0.73 ng/mL. The axial length of the left eye (LE-AL) had a mean of 26.21 = 0.14 mm, while the axial length
of the right eye (RE-AL) had a mean of 26.17 + 0.14 mm. A statistically significant moderate positive correlation was
observed between HGF levels and LE-AL (r = 0.479, p = 0.007). Similarly, a statistically significant moderate positive
correlation was found between HGF levels and RE-AL (r = 0.414, p = 0.023).

Table 2. Correlation Between HGF and Axial Length Among Patients With Severe Myopia

Parameter Mean + SD Coefficient Correlation P value
LE — AL (mm) 26.21 +£0.14 0.479 0.007*

RE — AL (mm) 26.17 +0.14 0.414 0.023*

HGF, hepatocyte growth factor; AL, axial length, LE, left eye; RE, right eye
*Spearman correlation coefficient
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