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Abstract. Introduction. Visual impairment caused by myopia has been a major global
health issue. The incidence of myopia has increased rapidly in the past two decades.
Inflammatory factors are one of the factors causing myopia. Previous study shows there is a
correlation between NLR and degree of myopia.
Purpose. This study aims to determine the correlation between NLR and degree of
myopia in medical students from Faculty of Medicine, University of Sumatera Utara.
Material and Methods. This study was a cross sectional design with an observational
analytical study. The measurements were refraction examination and NLR values. Statistical
analysis used was Kruskal Wallis and Anova correlation with 5% significance.
Results. This study consisted of 42 myopic subjects detailed as 20 male subjects (47.6%)
and 22 female subjects (52.4%) with mean age 25.64±2.99 years old. Distribution of mild,
moderate and high myopia was 38.1%, 42.9% and 8% respectively with mean spherical
equivalent -3.57±2.11 D. Mean NLR values were 2.07±0.88. NLR values were not statistically
significant with degree of myopia (p=0.082)
Conclusions. There was no statistically significant correlation between NLR and degree
of myopia in medical students from Faculty of Medicine, University of Sumatera Utara.
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Introduction
Refractive errors are the most common eye disorders that can occur at all ages and are a
public health challenge. The World Health Organizations (WHO) report that refractive errors
are the first cause of visual impairment and the second cause of vision loss worldwide. The
prevalence of refractive errors worldwide is astigmatism (40.4%), hypermetropia (30.9%) and
myopia (26.5%) (Hashemi et al., 2017; Holden et al., 2016).
The incidence of myopia has increased rapidly in the past two decades. The prevalence
of myopia and high myopia in Indonesia is estimated at 26.1% and 0.8% (Icel et al., 2019).
Most cases of myopia can be corrected but uncorrected refractive errors still account for nearly
33% of visual impairment (Lin et al., 2016; Flitcroft et al., 2019).
The main causes of myopia are still not entirely known. Genetic, environment and
lifestyle factors have been identified to be associated with the development of myopia. Many
studies have reported that the prevalence of myopia increases with age, lack of outdoor
activities, and near work activities (American Academy of Ophthalmology, 2020; Walline et
al., 2020).
Nugroho et al.'s study found that the development of myopia in medical schools was
higher compared to nursing and nutrition schools, but was similar between boys and girls
(Nugroho et al., 2020). The development of myopia in children and adolescents occurs
gradually. In addition, early-onset myopia is associated with high myopia (Zhao et al., 2019).
The Rotterdam Eye Study demonstrated of bilateral visual impairment in high myopia with
39% of patients developing myopic maculopathy, 17% with open-angle glaucoma and 5% with
cataracts (Vagge et al., 2018).
Research on the pathophysiology of myopia has progressed very rapidly, both in the field
of genetics and cellular. Myopia is associated with inflammation, oxidative stress, genetics and
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environment (Coviltir et al., 2019). Several studies have suggested that various inflammatory
mediators have been correlated to the development of myopia. In myopia, expression of
Transforming Growth Factor-β (TGF-β) and Matrix Metalloproteinase (MMP) are increased,
while expression of Collagen-1 (COL-1) is downregulated. TGF-β regulates cell growth,
inflammation, wound healing and differentiation. MMPs play role in reconstruction and
vascularization of tissue during the inflammatory and breakdown extracellular matrix
(Wojciechowski et al., 2013). MMPs’s dysregulation has also been considered as pathogenetic
mechanism in myopia. TGF-β regulates MMP2 levels through activation of nuclear factor
(NF)-κB is a transcription factor that modulates various inflammatory cytokines’s expression
in fibroblasts (Yang et al., 2010).
The neutrophil to lymphocyte ratio (NLR) is calculated as the absolute number of
neutrophils divided by the absolute number of lymphocytes. NLR is an index to differential
diagnosis, prognostic prediction of disease and marker to patient's inflammatory activity.
Potential inflammatory marker in eye diseases such as dry eye, keratoconus, and retinal vein
occlusion also has been described by NLR (Icel et al., 2019).
Based on previous studies, this study are aimed to understand more about the relationship
between NLR with myopia in medical students from Medical Faculty, University of North
Sumatra, Medan, Indonesia.
Material and Methods
This study was cross sectional design at Department of Ophthalmology, Faculty of
Medicine, University of Sumatera Utara, University of Sumatera Utara Hospital, Medan,
Indonesia and was approved by the Health Research Ethical Clearance Committee of the
Medical Faculty of University of Sumatera Utara, Medan, Indonesia.
Inclusion criteria of the study were subject aged between 21 and 33 years old with
refractive error valued at -0.50 D that divided into mild myopia, moderate myopia and high
myopia. Exclusion criteria were systemic inflammatory diseases affecting blood NLR, such as
anemia, malignancy, diabetes mellitus, hypertension, coronary artery disease, infection, liver
diseases, kidney failure, thyroid pathologies, smoking, and any ocular problems beside than
ocular problems.
All subjects filled informed consent and demographic form. Ocular examinations
including anterior segment, posterior segment and intraocular pressure was evaluated to rule
out another eye disease. And then venous blood samples were collected. Complete Blood Count
were performed with hematology analyzer (Sysmex xn 1000) by taking 3 ml venous blood.
NLR values were obtained by dividing the neutrophil count by the lymphocyte count. NLR
values were then presented to statistical analysis.
Data was then analyzed and presented in the data tabulation, by displaying frequency
values and percentages for categorical data. Numerical data was presented by displaying mean,
median, standard deviation, minimum and maximum values. Normality of the data was
determined with Shapiro Wilk test. Bivariate analysis was used to determine the relationship
between the independent and dependent variables using Kruskal Wallis test and Anova test
with a significance level of p-value <0,05.
Results
In the demographic data of this study, the number of samples that fulfilled the criteria in
this study were 42 subjects. The data in this study are primary data in form of demographic
data (gender and age) obtained through interviews; data on refraction status obtained through
refractive examination, as well as data on NLR levels obtained through complete blood count
at the University of Sumatera Utara Hospital.
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Table 1. Demographic characteristics of research subjects
Demographic Characteristics
n (%)
Sex
Male
20 (47,6)
Female
22 (52,4)
Age
Mean (SD)
25,64 (2,99)
Median (Min – Max)
26 (21 – 33)
21 – 25 years
18 (42,9)
26 – 30 years
20 (47,6)
31 – 35 years
4 (9,5)
Degree of myopia
Mild
16 (38,1)
Moderate
18 (42,9)
High
8 (19)
Spherical Equivalent
Mean (SD)
3,57 (2,11)
Median (Min – Max)
3,5 (0,75 – 9)
NLR
Mean (SD)
2,07 (0,88)
Median (Min – Max)
1,93 (0,92 – 4,61)
Based on Table 1, it could be concluded that in this study, there were more female myopia
students of Medical Faculty, University of Sumatera Utara, which were 22 subjects (52.4%)
more than men, that were 20 people (47.6%). In addition, the median and mean age of myopia
students from Medical Faculty, University of Sumatera Utara were 26 years old and
25.64±2.99 years old, with the youngest being 21 years old and the oldest being 33 years old.
Characteristics of the subjects based on the degree of myopia. The most category consisted of
18 subjects (42.9%) who had moderate degree myopia, followed by 16 subjects (38.1%) with
mild degree myopia and 8 subjects (19%) with high degree myopia. Characteristics of the
subject based on the spherical equivalent value. The mean value of the spherical equivalent
was 3.57 ± 2.11 D, with the lowest value of 0.75 D and the highest value of 9.00 D. The average
NLR value was 2.07, with the lowest value was 0.92 and the highest was 4.61.
Table 2. Correlation between NLR and degree of myopia
NLR
Myopia
Mean (SD)
Median (Min – Max)
Mild
1.78 (0.55)
1.76 (0.93 – 2.56)
Moderate
2.02 (0.9)
1.8 (0.92 – 4.05)
High
2.77 (1.07)
2.37 (1.68 – 4.61)

p
0.082*

Table 2 showed the relationship between the NLR and the degree of myopia. In subjects
with mild myopia, the mean value was 1.78±0.55. Subjects with moderate myopia showed a
slightly higher mean value compared to subjects with mild myopia with a mean value of
2.02±0.9. The highest mean NLR value was seen in subjects with severe myopia with a mean
value of 2.77±1.07. Using the Kruskal Wallis test, there was no significant relationship between
the NLR value and the degree of myopia (p = 0.082).
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Discussion
In this study, more than half of the subjects was female. This study was in line with
research conducted by Gao et al. (2014) on the Handan tribe in China, that the majority of
myopia patients were female. This was not only influenced by environment factors, but also
influenced by a family history with refractive errors (Gao et al., 2014).
The mean age in this study was 25 years old, similar with a study conducted by Jones
and Luensmann (2012) in East Asia, where the prevalence of myopia patients were 73% of 1525 years old subjects. In Indonesia, the prevalence of myopia patients aged 15-25 years old was
62% - 66% (Hyman et al., 2015).
In this study, the majority of the samples had moderate myopia, which was 42.9%. This
study was in line with the study by Reddy et al. (2020) that found subjects with moderate degree
of myopia of 56.54% (Reddy et al., 2020). This study was different with the study conducted
by Jones and Luensmann (2012) in East Asia, with the highest prevalence was severe myopia
at 38.4% (Jones & Luensmann, 2012). The study was also different from Arsa's study in 2019
with the prevalence of mild, moderate and high myopia being 64.3%, 20.2% and 15.5%
respectively (Arsa et al., 2019).
This study found that the mean spherical equivalent of myopia students from Medical
Faculty, University of Sumatera Utara was 3.57±2.11 D. This is in line with research by Hu et
al. (2019) in Melbourne that the mean spherical equivalent was -3.00±0.50 D and Tanjung et
al.'s (2021) study that mean spherical equivalent was -2.94±2.08 D. However, the spherical
equivalent value in this study was lower compared to the study by Reddy et al. (2020) in
Malaysia that the spherical equivalent was -4.25 D (Hu et al., 2019; Reddy et al., 2020; Tanjung
et al., 2021).
In this study, the mean predictive value of NLR was 2.07±0.88. This result was
comparable with the results from Icel et al. (2018), that had average predictive value of NLR
in the severe myopia group that was 2.23± 0.78. Meanwhile, research conducted on patients
with ocular hypertension revealed an average NLR value of 2.12±0.78. In patients with acute
primary open-angle glaucoma, the mean NLR was 2.33± 0.90. However, no recent study had
showed the cutoff value of NLR in myopia patients. Based on the result of previous studies, it
could be concluded that the average value of the NLR tended to show a slightly higher result
(Icel et al, 2019).
In this study, the mean value of NLR was differentiated based on the degree of myopia,
detailed as mild, moderate, and severe myopia, with higher mean value depending on myopia
severity. However, this study showed that there was no significant relationship between the
NLR value and the degree of myopia (p>0.05). This results was different from Icel et al. (2019)
that found a significant relationship between NLR values and the incidence of myopia by
comparing them in a healthy control group. This difference could occur due to limited number
of samples in this study, which was 42 subjects, compared to Icel E. et al.'s study with 79
subjects. Undetected comorbid systemic disease in this study subjects could also affected the
result of the study (Icel et al., 2019).
This study had several limitations such as this study did not include control group and
number of subjects in this study were relative small, therefore further research was required in
addition to more variables and larger sample size. Furthermore, additional laboratory testing of
systemic disease should be added to reduce bias.
Conclusions
This study found differences in NLR values based on the degree of myopia that severity
of myopia was correlated with higher the NLR value, but no statistically significant correlation
was found between NLR and the degree of myopia in medical students from Faculty of
Medicine, University of Sumatera Utara (p = 0.082).
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