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ABSTRACT 

Background: Normal-Tension_Glaucoma (NTG) is an eye disease and characterize with low 

intraocular pressure (IOP) levels. In population-based settings, the diagnose of glaucoma is based on 

the IOP levels of 21 mmHg, and its usually delayed. A recent study HbA1c levels could lead to IOP 

changes. Obstructive Sleep Apnea (OSA) result oxidative stress that results an altered function of 

neutrophil in patients with NTG.  

Objective: To_evaluate the association of HbA1c, Netrophil-to-Lymphocyte Ratio_(NLR) toward 

NTG as its novel early detection. 

Methods: This study divided into two groups consisted of Metabolic Syndrome ( MS) + OSA without 

eye disorder as control (15 subjects) and MS + OSA + NTG patients (14 subjects). IDF criteria was 

used to established MS, and risk of OSA determined by STOP-BANG Questionnaire. The diagnosis 

of NTG was confirmed by normal IOP measured by Tonopen. Mean Defect (MD) of visual field 

evaluated by Automated Humphrey Perimetry, Retinal Nerve Fiber Layer (RNFL) established by 

OCT. HbA1c measured by ELISA and NLR by flowcytometry. Statistical analysis consisted of 

comparison and correlation test 

Results: The ratio of CD was significantly higher in NTG patients (0.54 ± 0.13) compared to control 

(0.26 ± 0.07; p<0.001). MD was also higher in subjects with NTG (6.80 ± 3.90) compared to control 

(4.97 ± 2.28; p=0.134). Mean RNFL was lower in subjects with NTG (87.95 ± 28.29) compared to 

control (95.07 ± 26.66; p=0.035). Positive correlation between HbA1C-MD (r = 0.456, p = 0.013) and 

NLR-RNFL thinning (r = 0.525, p = 0.003) was existed in Metabolic Syndrome (MS) patients. 

Conclusion: Patients with MS and OSA risk have an increased risk of NTG. A novel association 

between Hba1C levels, NLR and NTG was also identified. 
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Introduction 

Body Vision 2020 estimated about 45 million people 

worldwide are blind.
1
 mostly are caused by the diseases, 

treatable or preventable. Eighty percent are from the 

developing countries. Without intervention, the number of 

blindness might reach 76 million cases by 2020, caused by 

several factors, mainly the rapid aging of populations.
2
 

Since the eye disease is largely affecting older people, the 

number of blindness and low vision in people older than 50 

years is estimated increase to 2 billion by 2020. The 

specific target of VISION 2020 are being developed, 

including the diabetic retinopathy, glaucoma, _cataract, 

occupational eye injury, _refractive error and low vision, 

vision rehabilitation, childhood screening and treatment.
1
 

According to WHO 2010, cataract is the leading of 

blindness, followed by _glaucoma and age - related macular 

degeneration (ARMD). Glaucoma is an optic neuropathy 

disease with_ cupping of optic nerve head along with 

narrowing visual field leading to blindness. Current therapy 

which attempts to lower the intra-ocular pressure (IOP) has 

not capable to stop the optic neuropathy glaucoma 

progression. This phenomena resulted in a lot of study to 

interfere the advancement of neuropathy optic glaucoma 

(NOG), including Obstructive Sleep Apnea Syndrome 

(OSAS) and metabolic syndrome (MS) role in the 

progression of NOG. A wide range prevalence in Indonesia 

of glaucoma with OSAS was 2,2% to 57%. OSAS 

increased the risk of Normal-Tension Glaucoma (NTG) up 
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to 4 times. Vascular insufficiency caused by lowering 

ocular blood flow, vascular dysregulation, or increasing 

trans-lamina cribosa pressure resulted in Retinal Ganglion 

Cell (RGC) death, mainly in NTG patient.
3 
 

Normal-tension glaucoma_ (NTG), a subset of open - angle 

glaucoma (OAG), is a progressive glaucomatous optic 

neuropathy and causing visual field defects, but it have an 

normal intraocular pressure (IOP).
4
  NTG patients generally 

have vascular abnormalities such as vasospasms leading to 

ischemia. It is thought to have an important role in the NTG 

pathogenesis.
5
 Disc hemorrhage is frequently observed in 

NTG than in high-tension glaucoma patients. This event is 

suggested to be the consequence of the disturbances of 

hemodynamic, including micro-infarction in the optic nerve 

head
6
; retinal circulation disorder

7
; capillary perfusion 

reduction
8
; and primary vascular dysregulation.

9
  

Metabolic syndrome consists of several factors such as 

impaired glucose tolerance (IGT), hyperlipidemia, 

hypertension and obesity.
10

 This may lead to  a rife  

microvascular dysfunction and hemodynamic  

disturbance.
11-12

 Conflicts regarding the correlation between 

any of the many components of the metabolic syndrome 

and the risk of having OAG have been proven in previous 

studies. In spite of  glaucoma is a multifactorial disease, 

increased intraocular pressure (IOP) still its major known 

risk factor, but the pathogenesis remain unclear.
13

 Several 

large randomized clinical trials stated that there is a 

relationship between IOP and the development and 

progression of glaucoma.
14

 Therefore, an adequate 

determination of IOP is the most importance in the 

management of the disease. 

Hypoxia or recurrent re-oxygenation process in OSA result 

in the emergence of oxidative stress that will activate and 

accelerate peroxidation damage and inflammation. Some 

subcellular parts that involved in ROS production are 

mitochondria, reticulum endoplasma, cellular membrane, 

lysosom, peroxisome, and enzymatic system. Enzymatic 

components which takes part are NADPH oxydase (Nox2 

and Nox4), Xanthine Oxidase (XOD), phospholipase A2, 

lipoxygenase, cyclooxigenase, and uncoupled nitric oxide 

synthase (NOSs). As the consequence, tissue and cellular 

damage, endothelial disfunction, and metabolic disturbance 

will occur. A couple of comorbids such as Type 2 Diabetes 

Mellitus, dyslipidemia, cardiovascular complication, and 

declined neuro cognitive function will take place.
15

 NOG 

multiplies by 4 times in OSAS patient, and AHI 

significantly correlated with CD ratio.
16

 

The IOP value is influenced by several systemic factors 

such as hypertension
17

, atherosclerotic diseases
18

, body 

mass index
19

, and diabetes.
20

 Lee and colleagues 

investigating the relationship between IOP and systemic 

disorders stated that an increase in mean blood pressure is 

strongly correlated with an increase risk of IOP. Although 

in most population studies stated that diabetes is associated 

with higher IOP, the underlying mechanisms remains 

unclear.
21

 Recent studies suggested that changes in corneal 

biomechanics (increased corneal hysteresis) in diabetic eye 

lead to an overestimated IOP values.
21

 But, if the variation 

of glucose levels and HbA1c can lead to variability of IOP 

in patients with diabetes and nondiabetes is still unknown. 

As diabetes and glaucoma (or ocular hypertension) coexists 

in patients, a better understanding about the variations in 

glucose levels and HbA1c influence IOP would provide 

information to the IOP assessment in NTG patient. 

Normal-tension glaucoma (NTG) is characterizing by the 

low level of intraocular pressure (IOP) and preserves its 

importance for public health_ care. In population-based 

study, the diagnosis and management is usually delayed.
22

 

NTG is associated with some autoimmune and systemic 

diseases, such as paraproteinemia, nocturnal hypotension, 

and migraine. Recently, a simple test (the hemogram) was 

defined to measure systemic inflammation, identifying the 

neutrophil-to-lymphocyte ratio (NLR). A recent study 

shows an altered neutrophil function in NTG patients. We 

hypothesize that the analysis for NLR and IOP together 

may used to diagnose NTG in primary care clinics, if there 

is an association between NTG and NLR demonstrated in 

future researches.
23

 According Vision 2020 and Indonesian 

Ministry of Health 2019 policy to decrease almost 25% 

prevalence of visual defect so we do this research aimed to 

evaluate the association of HbA1c, NLR toward NTG as its 

novel early detection in patient with metabolic syndrome 

and has OSAS risk. 

 

Methods And Materials 

The Patients 

This research was conducted under complete ethical 

clearance of ―National_Cardiac Center Harapan Kita 

Hospital‖ (LB.02.01/VII/287/KEP.054/2018). All of the 

patients participating in this study who were under 40 years 

had an informed consent letter signed voluntarily. From 800 

patients with metabolic syndrome (MS), it was selected 15 

patients MS + Obstructive Sleep Apnea (OSA) + Normal-

tension Glaucoma (NTG) and 14 patients MS + OSA 

without eye disorder (Slit Lamp SL 220). Patients were 

confirmed MS (waist measurement, systolic blood pressure, 

fasting blood glucose, triglyceride, and HDL) and OSA 

from STOP-BANG questionnaire (sensitivity 83,6%, 

specificity 56,4%).
24

 Finally, 15 selected patients with 

glaucoma and normal IOP were studied, compared to 14 

patients in the control group (MS + OSA patients). 

Obstructive Sleep Apnea  

STOP-BANG Questionnaire was used as an instrument to 

measure the risk OSA as Apnea-Hypopnea Index (AHI).
25

 

Metabolic Syndrome  

Metabolic syndrome was characterized as central obesity 

along with 2 of 4 IDF Criteria 2006 from physical and 

blood chemical analysis.
26

 Physical examination covered 

central obesity sign (circumference of waist (men: > 90 cm; 

women: >80 cm) and elevated systolic blood pressure 

(SBP) >130 mmHg or under anti-hypertensive drug 

therapy. Blood chemical analysis characteristic was 

determined from elevated fasting blood glucose (>100 

mg/dL) or currently treated with anti-diabetic agent, 

elevated TG (>150 mg/dL) or receiving anti-dyslipidemic 

drug, and low HDL (<40 mg/dL). 

Neutrophil-Lymphocyte Ratio (NLR) and HbA1c 

Measurement 

Whole blood from patients were collected and analyzed its 

NLR on Sysmex XN 2000 and HbA1c was measured by 

Roche Cobas C 311 analyzer. 
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Normal-tension Glaucoma 

Patients participated in this study were confirmed having 

normal IOP by tonopen (ICare Pro). Furthermore, perimetry 

(HFA 3 type 860) was performed to analyze mean defect in 

visual field loss. Then, RNFL was examined by Optical 

Coherence Tomography (CIRRUS HD OCT 5000). The 

CD ratio was measured using Wide Lens Super Field 90D. 

Finally, patients‘ eyes were examined by goniolense (Slit 

lamp SL 220) to determine the angle. 

Statistical Analysis 

Data gathered were analyzed_by correlative statistics 

(Pearson, Spearman, Correlation test)_and comparative 

statistics (T-test) using IBM SPSS Statistics ver. 21 

software. 

 

Results 

Subject Characteristics 

Among 240 participants in this study who have MS, 29 

patients were completely underwent ophthalmology 

examination. The data of demographic and clinical are 

presented in Table 1. No significant difference of age 

between patient with NTG (49.60 ± 12.55 years) and 

without NTG (50.64 ± 5.39 years, p = 0.776). The female 

proportion was not significantly different between patients 

with NTG (60%) and without NTG (64.9%; p = 0.972). 

Patients with NTG were insignificantly tended to have 

higher fasting glucose (99.33 vs 96.89 mg/dl; p = 0.615) 

and higher triglyceride (181.07 vs 152.93 mg/dl; p = 0.777) 

compared to patients without NTG. Both groups had almost 

no different mean value of BMI (29.29 vs 30.96; p=0.341), 

waist circumference (95,33 vs 95,79; p = 0.484), and HDL 

(44.80 vs 43.07; p=0.529). The questionnaire of STOP-

BANG was used to determine the OSA risk in MS patients. 

This examination result was compared in NTG and non-

NTG subjects. The STOP-BANG score showed no marked 

difference (p=0.824) between NTG (40% subjects had low 

mild risk, 46,67% subjects had moderate risk, and 13,33% 

subjects had severe risk) and non-NTG (35,71% subjects 

had low mild risk, 64,29% subjects had moderate risk, and 

no subjects possessed severe risk) subjects (Table 1). 

Ocular Examination 

Mean CD ratio was significantly higher in subjects with 

NTG (0.54 ± 0.13) compared to non-NTG subjects (0.26 ± 

0.07; p < 0.001). Mean defect was also higher in subjects 

with NTG (6.80 ± 3.90) compared to subjects without NTG 

(4.97 ± 2.28; p = 0.134) even though not statistically 

significant. Mean RNFL was lower in subjects with NTG 

(87.95 ± 28.29) than the non-NTG subjects (95.07 ± 26.66; 

p_= 0.035) (Table_2). 

Association of_Metabolic Syndrome parameters, 

HbA1C, and NLR to normal-tension glaucoma 

parameters 

Positive correlation existed between HbA1C and Mean 

Defect value in patients with MS (r = 0.456; p =_0.013). 

There is a positive significant correlation between NLR and 

RNFL in patients with MS (r = 0.525; p = 0.003). No 

significant correlation between any parameters of MS and 

either mean defect, RNFL or CD ratio in all of the subjects 

participated. 

 

Discussion 

This research was conduct to determine the association 

between NTG and metabolic syndrome-OSA risk patient 

and to analyze the association of HbA1c, NLR toward NTG 

as NTG novel predictive detection. It has demonstrated that 

metabolic syndrome component and OSA risk factor were 

associated but not significantly with prevalence of NTG. 

The Singapore Malay Eye Study stated that the NTG 

prevalence had a U-shaped relationship with metabolic 

abnormalities.
27

 The difference in NTG prevalence could be 

explained by the age difference of study populations.  

Recent study shows that IGT is correlated with NTG. This 

event corresponds with latest studies that diabetes 

contributes to an increased risk of glaucoma 

development.
28,29,30,31,32,33

 Another research shows that 

impaired auto regulation is an important mechanism for 

glaucoma development.
34,35,36

 Therefore,  hypothesizing 

that diabetes may be correlated with glaucoma is 

reasonable. In the other hand, there are some studies which 

showed no significant association between glaucoma and 

diabetes.
37,38

 Despite the fact that patients referred for an 

ophthalmological examination have diabetes, it has not 

known _yet whether blood glucose levels could influence 

an individual IOP variation till present. This study is the 

first report providing evidence that Hba1c is significantly 

associated with NTG (Mean Defect). We identified an 

association between Hba1c and NTG that _may help to 

understand the inconsistent_ of previous findings about the 

relationship of diabetes or metabolic syndrome in increased 

glaucoma risk. This study has a significant implication for 

the public health program and may guide the direction of 

further researches. 

We found a positive and significant correlations between 

HbA1c-Mean Defect (r = 0.456; p = 0.013) in NTG 

patients, which partly can be explained by Hba1c level 

magnitude variation in patients. A recent meta-analysis 

stated that diabetes, duration of diabetes, and the level of 

fasting glucose were all correlated with an increased risk of 

glaucoma. The history of diabetes was reported to be a 

protective factor against the NTG development.
39

 Another 

potential mechanisms including hyperglycemia, leading to 

the dysfunction of trabecular meshwork, the gradient 

osmotic changes related to the dysregulation of autonomic, 

or microvascular disorder of the retina or the optic nerve 

[40]. Interestingly,  a single-variable analysis shows that the 

duration of diabetes is associated with the risk of glaucoma 

compared to patients without diabetes. This phenomena 

may occur due to the effect of survivort—defined as people 

with diabetes with longer duration mainly have 

comorbidities which lower the the quality of their fundus 

imaging and prevented the grading. 

Our research also proved the predictive role of NLR in 

NTG. We found a positive significant correlation between 

NLR and NTG (RNFL parameter) in patients with MS (r = 

0.525; p = 0.003). The evaluation studies of the NTG 

pathogenesis reveals several potential risk factors such as 

nocturnal hypotension, inflammatory diseases, migraine, 

circulating retina and optic nerve auto-antibodies, and an 

altered C-reactive protein (CRP).
41,42

 Normally, systemic 

blood pressure decreases in night time, but show more 

substantial decrement in some patients, called ‗‗dipper‖.
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Recent studies have shown a higher NLR in non-dipper 

patients.
43

 Another study stated that non-dipper patients 

have an increased of platelet activation and response of 

inflammatory.
44

 The non - dipper patients are unlike the 

patients of nocturnal hypotensive regarding their systemic 

blood pressure. However, association between systemic 

blood pressure and NLR play an important role in NTG. 

The dysregulation of systemic vascular is also noted as a 

common mechanism in migraine and NTG caused by and 

endothelial dysfunction and vasospasm.
45,46

 Several 

research also showed that platelets and NLR have a 

significant role in migraine episodes.
47,48

 

A new evidence associate with the host immune role 

response with the NTG pathogenesis.
49,50,51

 The concept in 

the NTG development firstly from an medical examination 

where one or more diseases related to  immune found in 

30% of NTG patients.
42

 The importance of autoimmunity in 

NTG then shows by the increased level of auto-antibodies 

likes anti-rhodopsin and anti-gluthatione S transferase.
52,53

 

Wax et al. reported an increased incidence of serum 

autoantibodies and paraproteinemia in_NTG patients.
53 

 In 

addition, IgA and IgG deposition, along with the ganglion 

cells apoptosis and other inner_nuclear retinal_layer cells 

was observed.
54

 There is a response of systemic immune 

cell for the auto antibodies synthesis. However, the 

importance of pro-inflammatory level in serum of NTG  

must be further examined. Finally, the specific auto-

antibodies detection for the diagnosis and early detection of 

glaucoma requires a relatively high cost. The limitation of 

study is due to a relatively small_sample_size and the 

diagnosis of OSA risk wasn‘t determined by quantitative 

measurement instrument. 

 

Table 1. The characteristics of study population with_and without normal - tension glaucoma 

Characteristics All Subjects Subjects without NTG Subjects with NTG p-value 

Mean (SD)     

Age, year 50.10 (9.62) 50.64 (5.39) 49.60 (12.55) 0.776 

Systolic BP, mmHg 132.86 (15.72) 136.29 (18.25) 129.67 (12.75) 0.265 

Diastolic BP, mmHg 78.66 (7.71) 78.36 (5.81) 78.93 (9.34) 0.677 

Fasting Glucose, mg/dl 98.15 (51.16) 96.89 (42.47) 99.33 (59.65) 0.615 

Body Mass Index, kg/m2 30.10 (4.63) 30.96 (5.27) 29.29 (3,96) 0.341 

Waist Circumference 95.55 (7.93) 95.79 (7.91) 95.33 (8.21) 0.484 

Triglyceride, mg/dl 167.48 (105.72) 152.93 (54.36) 181.07 (138.56) 0.777 

HDL, mg/dl 43.97 (8.47) 43.07 (7.98) 44.80 (9.10) 0.529 

No (%)     

STOP-Bang Score     

1-2 (Low mild) 11 (37.93) 5 (35.71) 6 (40) 0.824 

3-4 (Moderate) 16 (55.17) 9 (64.29) 7 (46.67)  

5-8 (Severe) 2 (6.89) 0 (0) 2 (13.33)  

Gender (Female) 18 (62.07) 9 (64.29) 9 (60) 0.972 

Table 2. Comparison between two studied groups according to ocular examination findings. 

Characteristics All Subjects Subjects without NTG Subjects with NTG p-value 

Mean (SD)     

IOP, mmHg 15.36 (3.78) 15.82 (4.68) 14.90 (2.61) 0.763 

CD Ratio 0.40 (0.18) 0.26 (0.07) 0.54 (0.13) < 0.001 

Mean Defect 5.92 (3.30) 4.97 (2.28) 6.80 (3.90) 0.134 

RNFL 91.39 (27.51) 95.07 (26.66) 87.95 (28.29) 0.035 

Table 3.  Correlation of Metabolic Syndrome parameters, HbA1C, and NLR to normal-tension glaucoma parameters 

(bivariate) 

 Mean Defect RNFL CD Ratio 

 r p r p r p 

Systolic BP, mmHg -0.001 0.995 0.078 0.688 -0.361 0.054 

Diastolic BP, mmHg -0.010 0.958 -0.061 0.752 -0.131 0.499 

Fasting Glucose, mg/dl -0.042 0.828 0.392 0.035 0.156 0.420 

Body Mass Index, kg/m2 0.159 0.441 -0.066 0.734 -0.212 0.270 

Waist circumference 0.119 0.538 -0.150 0.439 -0.058 0.764 

Triglyceride, mg/dl 0.018 0.925 0.131 0.500 -0.037 0.848 

HDL, mg/dl -0.142 0.461 -0.142 0.461 0.051 0.794 

HbA1C 0.456 0.013 0.025 0.897 0.153 0.428 

Neutrophil to Lymphocyte 

Ratio 

-0.268 0.160 0.525 0.003 -0.005 0.979 

STOP-Bang Score -0.015 0.939 0.357 0.057 0.096 0.619 

 

A single - variable analysis suggests the association of 

diabetes duration with risk of glaucoma. This phenomena 

may occur due to the effect of survivor —defined as people 

with longer duration of  diabetes mainly have comorbidities 

which lower the_quality of their imaging of fundus and 

prevented grading. 

A promising_new evidence associate with the role of host 

immune response and the NTG pathogenesis.
49-51

 The 

concept in the NTG development firstly from an 

examination, where one or more diseases related to immune 

were found in 30% of NTG patients.
42 



Page 153 of 7 
 

 
MNJ (Malang Neurology Journal) Vol. 7, No. 2, July 2021 

The importance of autoimmunity was shows by the 

increased level of auto – antibodies circulating, like anti-

rhodopsin and anti-gluthatione S transferase.
52,53 

Wax et al. 

observed IgA and IgG deposition, along with the  ganglion 

cells apoptosis and other inner_nuclear retinal_layer cells. 

Furthermore,  an increased incidence of serum 

autoantibodies and paraproteinemia in_NTG patients was 

reported.
54

 There is a response of systemic immune cell for 

the auto antibodies synthesis. However, the importance of 

pro-inflammatory level in serum of NTG  must be further 

examined. Finally, the specific auto-antibodies detection for 

the diagnosis and early detection of glaucoma requires a 

relatively high cost.. The limitation of this research is due 

to a small sample size and the diagnosis of OSA risk wasn‘t 

determined by quantitative measurement instrument. 

 

Conclusion 

There is an insignificant correlation between SM and OSA 

risk toward NTG. HbA1c and NLR are two promising 

candidates to become a novel biomarker for the diagnosis 

of NTG. 
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