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Purpose: To analyze ischemia-modified albumin (IMA) levels in aqueous humor and serum, and their correlation to RNFL thinning 
in primary glaucoma patients.
Design: Cross-sectional study.
Methods: Patients were divided into the control and glaucoma groups. The control group was patients with senile cataracts. The 
glaucoma group consisted of patients diagnosed for the first time as primary open-angle glaucoma (POAG) or primary angle closure 
glaucoma (PACG). Exclusion criteria were secondary glaucoma and patients with systemic disease. A complete cataract examination 
was done for all patients, and glaucoma examinations for the glaucoma group. In both groups, the IMA aqueous humor was obtained 
during cataract and glaucoma procedure. Serum levels of IMA, malondialdehyde (MDA), and tumor necrosis factor alpha (TNF-α) 
were examined during preoperative examinations.
Results: Control group comprised 33 participants, and glaucoma group 41 patients (21 PACG and 20 POAG). Mean IMA aqueous 
humor (AQH) levels found in cataract group 6.039±3.16 ng/mL, glaucoma group 14.89±6.08 ng/mL, PACG group 12.69±6.25 ng/mL 
and POAG group 17.33±4.988 mg/mL. Mean IMA serum levels in cataract group 14.75±6.53 ng/mL, glaucoma group 13.89±6.53 ng/ 
mL, PACG group 12.79±6.46 ng/mL± and POAG group 14.93±10.74 ng/mL. Glaucoma group had significant higher level of IMA in 
aqueous humor compared to control group, but opposite findings in serum IMA levels between groups. POAG patients had a higher 
aqueous IMA level compared to PACG group and correlated significantly with IOP. IMA AQH also negatively correlated to the RNFL 
thickness in both POAG and PACG group. Cut off 9.5 ng/mL was considered as a normal limit value to differentiate between control 
and glaucoma group.
Conclusion: Primary glaucoma patients showed a significantly increased level of IMA AQH as a local ischemic biomarker compared 
to the control group. Systemic oxidative activity is not a representation of local ocular oxidative stress in both cataract and glaucoma 
group.
Keywords: ischemia-modified albumin, biomarker, primary glaucoma, early detection

Introduction
Glaucoma is a worldwide health-care problem of irreversible blindness. Glaucoma consists of neurodegenerative 
disorders marked by chronic progressive degeneration and apoptosis of anatomical structure resulting in marked visual 
field defect.1 Glaucoma prevalence worldwide is approximately 50 million people, with 3.5% diagnosed at 40 to 80 years 
old.2 Glaucoma patients estimated will increase to 112 million by 2040.3 The increase of intraocular pressure (IOP) is 
one of the risk factors, which is also the only factor that able to be controlled by medications or surgery. Therefore, the 
target of glaucoma treatments is to lower the IOP to delay the disease progression. High IOP is the result of aqueous 
humor (AQH) build-up. Aqueous humor is produced by the ciliary epithelium, which flows to the anterior chamber and 
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then circulates to the trabecular meshwork, Schlemm’s canal, and the venous system. Increased resistance of aqueous 
outflow results in elevated IOP and leads to an ischemic process in the optic nerve head.4,5

Pathogenesis of glaucoma also associated with oxidative stress process. Moreover, vasoconstriction of vessels as the 
result of peroxynitrite (ONOO-) is also causing the reduction optic nerve blood flow, which further resulting in RGC 
death.6,7 Oxidative stress also leads to increase endothelin-1, responsible to vasoconstriction of vessels and reduction of 
the optic nerve blood flow, resulting in RGC death. Neuronal transport in the optic nerve head is also disrupted by 
increasing activation of endothelin. Therefore, ischemia, apoptosis of RGC and further damage in glaucoma.8

Early diagnosis, prompt treatment, and progression monitoring in glaucoma have been challenging. Patient evaluation 
needs to be thorough with the complete clinical examination, IOP measurements, structural, and functional imaging 
modalities. Screening examination based only on IOP measurements is no longer considered precise, especially in early 
stage patients with normal IOP range. In addition, observation through cup-to-disc ratio at some point considered not 
sensitive and specific enough for predicting glaucoma.9 In addition, it is not uncommon that patient with glaucoma 
diagnosed with 35–40% loss of RGC.10

Therefore, it is imperative to establish a novel diagnostic testing for early diagnosis of patients with glaucoma or risk 
for developing glaucoma. A novel parameter for early diagnosis, monitoring treatment response, and disease progression 
may contribute to improve disease prognosis in glaucoma. Molecular biomarkers are now thought to be able to diagnose 
glaucoma in its early stages or patients with high-risk developing glaucoma, also in glaucoma treatments.

Oxidation induces albumin structure modifications. The binding of the oxidative stress to one of the albumin’s chains 
causes the formation of IMA, which is considered a novel biomarker of ischemia-related events and oxidative stress.11–13 

IMA levels were higher in serum and aqueous humor in diabetic retinopathy (DR).14,15 The changes in glaucoma 
progression have been considered able to depict by systemic antioxidant levels, and oxidative stress biomarkers. The 
definite pathways in glaucoma regulated by reactive oxygen species (ROS) are still debatable. The correlation between 
IMA levels and systemic oxidative stress state is not yet determined, which ROS is one of the risk factors for glaucoma 
pathogenesis.16 Oxidative stress biomarkers in glaucoma pathogenesis have been previously studied, but no study has 
analyzed the role of IMA levels in human aqueous humor.17

This study aims to analyze IMA levels in the serum and aqueous humor as an early diagnostic parameter and their 
correlation to RNFL thinning in primary glaucoma.

Participants and Methods
This cross-sectional study participants were patients who came to the Jakarta Eye Center Ophthalmology Clinic Cibubur 
from January 2021 to June 2021. Ethical clearance was issued by the Ethics Committee Faculty of Medicine Gadjah 
Mada University. Patients were given complete and thorough information regarding the procedures of the study, the 
indications, risks, and benefits of the surgery, then provided with written consent. All procedures and protocols were 
under the Declaration of Helsinki. Subjects divided to control and glaucoma group. The POAG and PACG (study) group 
comprised patients with primary glaucoma, and cataract (control) group comprised patients with senile cataract, age and 
sex matched. Exclusions criteria of this study were participants with history of systemic diseases such as hypertension, 
diabetes mellitus, hyperuricemia, cardiac, thyroid diseases (hyper or hypothyroid), lung inflammation (TBC), autoim-
mune diseases, smokers, and alcoholics. Patients with secondary glaucoma due to diabetes, trauma, and steroids induced, 
pseudoexfoliation were also excluded. Exclusion criteria included patients with a history of regular eyedrop usage in the 
past month, a history of uveitis, and history of intraocular surgeries.

A thorough and related medical history and ophthalmologic examinations (visual acuity, applanation, slit lamp and 
fundus examinations) were done. Glaucoma examinations were done to assess the structural (OCT) and functional 
defects (HFA). Glaucoma severity was classified as early, moderate and advance based on mean deviation value. IOP 
lowering medications were given to all glaucoma groups as preoperative preparation. IOP was evaluated within 7–10 
days and then aqueous humor sample was taken intraoperatively.

Blood samples were collected in both groups as part of the preoperative examination. Aqueous humor samples (0.1– 
0.3 cc) by paracentesis were collected in both groups before the cataract surgery or trabeculectomy. Both serum and 
aqueous humor samples were centrifuged at 2500 rpm and 10,000 rpm before being stored at 8°C. Then, they were 
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analyzed for IMA (both aqueous and serum), MDA, and TNF-α (serum only). IMA was analyzed using an IMA ELISA 
kit with an autoanalyzer (LS Bio Human Ischemia Modified Albumin Elisa Kit LS-F27035, Seattle, USA). TNF-α was 
analyzed using a human TNF-α assay (Quantikine® HSTA00E, R&D system, Minneapolis, USA). Malondialdehyde 
(MDA) was analyzed using MDA ELISA kit (abx257171, R&D system, Minneapolis, USA).

Statistical Analysis
Statistical analysis was done with SPSS 23.0 (IBM Corp, NY, USA) and Microsoft Office Excel 2021 (Microsoft, 
Washington, USA). Normality test was performed using Kolmogorov-Smirnov, parameters were analyzed using t-test or 
Mann–Whitney depends on the distribution, and linear regression.

Results
The study subjects were 74 people, 33 people were in the control group and 41 people were glaucoma patients. The mean 
age and sex of the study subjects did not show any statistically significant differences between groups (Table 1). The 
clinical characteristics of the study subjects consisted of baseline intraocular pressure (IOP), preoperative IOP, retinal 
nerve fiber layer (RNFL), and mean deviation (MD) visual field.

The measurement results of IMA AQH levels were quantified through aqueous humor samples between glaucoma and 
cataract patients. Serum IMA levels were also analyzed as a noninvasive systemic comparison. IMA AQH levels were 
statistically higher in glaucoma groups compared to control group (p < 0.005) (Table 2). The highest IMA AQH level 
was found in the POAG group with an average of 17.33 ± 4.988 ng/mL. There was no statistically significant difference 
between the PACG and POAG groups. In contrast to IMA AQH levels, IMA serum levels showed no statistically 
significant difference between groups. The highest mean serum IMA level was found in the POAG group, but not 
statistically significantly different compared to the PACG and control groups. This result was similar to the IMA AQH 
levels in the POAG group which were the highest among groups. The correlation found between IMA AQH levels and 
lowered IOP in POAG describes a state of chronic oxidative stress (Figure 1).

Table 1 Baseline Characteristics of Study Participants

Variables Control (n=33)  
Mean ± SD

Glaucoma (n=41)  
Mean ± SD

PACG (n=21)  
Mean ± SD

POAG (n=20)  
Mean ± SD

Age 64 ± 6.67 65±4.26 66 ± 4.14 65 ± 4.48
Gender
Male [n(%)] 17 (41.5%) 18 (78%) 8 (38%) 10 (50%)

Female [n(%)] 24 (58.5%) 23 (22%) 13 (62%) 10 (50%)

Clinical Characteristics
Baseline IOP (mmHg) 14.67 ± 2.67 31.90 ± 6.67* 32.27 ±7.73** 31.50 ± 5.44***
IOP, preoperative (mmHg) 12.42 ± 2.56 20.38 ± 4.71* 21.00 ± 3.90 ** 19.70 ± 5.48***

RNFL (micron) 97.48 ± 4.29 63.29 ± 17.19* 73.73 ± 17.54**+ 52.90 ± 8.99***

Mean deviation visual field, dB 0.34 ± 0.54 −14.60 ± 10.96* −13.89 ± 13.13** −15.38 ± 8.19***

Notes: Independent t-test. *Control vs glaucoma (p<0.05). **Control vs PACG (p<0.05). ***Control vs POAG (p<0.05).

Table 2 IMA Levels of Study Participants

Variables Control (n=33)  
Mean ± SD

Glaucoma (n=41)  
Mean ± SD

PACG (n=21)  
Mean ± SD

POAG (n=20)  
Mean ± SD

IMA aqueous humor (AQH) (ng/mL) 6.039 ± 3.16 14.89 ± 6.08* 12.69 ± 6.25** 17.33 ± 4.988***

IMA serum (ng/mL) 14.75±6.53 13.89 ± 8.87 12.79 ± 6.46 14.93 ± 10.74

Notes: Independent t-test. *Control vs glaucoma (p<0.05). **Control vs PACG (p<0.05). ***Control vs POAG (p<0.05).
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Figure 1 Scatter plot of IMA AQH levels and IOP in glaucoma, PACG, and POAG Relationship between of IMA AQH and IOP glaucoma group (top), POAG (middle), and 
PACG (bottom). R2 linear regression showed variability of parameters (R<1) in all groups. Pearson’s correlation (r) showed low correlation in glaucoma (r=0.107), PACG 
(r=−0.1395), and moderate correlation in POAG (r=0.369). No significant correlation found glaucoma (p=0.505), PACG (p=0.385), and POAG (p=0.049).
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This study evaluated IMA levels as a biological marker of early diagnostic parameter in comparison to RNFL 
thinning that occurs early in the course of glaucoma (Table 3). IMA AQH levels were not correlated with RNFL 
thickness in the control group (Figure 2). RNFL thickness in the control group was still within normal limits (>80 μm), 
with a wide range of IMA AQH levels (2.10 ng/mL–15.20 ng/mL). This may be due to the variety lens sclerosis and 
types of cataracts.

The relationship between IMA AQH levels and RNFL thinning was assumed that local ischemic events could 
describe glaucoma progression. IMA AQH levels were found to be correlated to RNFL thinning in all glaucoma groups. 
POAG subjects in this study demonstrated mostly moderate to advanced glaucoma, in contrast with PACG groups with 
more various stages (Figure 3). RNFL thickness at 90 microns was considered as a y-axis cutoff point for early diagnosis 
of glaucoma (Figure 4). Cut-off of IMA AQH levels (x-axis) to differentiate glaucoma and non-glaucoma groups was 
found at 9.8 ng/mL (Table 4). Based on Figure 4, with y-axis s and x-axis cutoff points, only PACG and POAG patients 
were placed in the area. IMA AQH levels of both glaucoma groups were found to have an important role in RNFL 
thinning (Table 5). On the contrary, IOP was found to be significant in RNFL thinning only in POAG group.

IMA serum was analyzed as biomarker in comparison to aqueous humor samples (Table 6). Serum TNF-α and MDA 
levels were also evaluated as systemic comparative biomarker of glaucoma pathogenesis. There was no significant 
correlation between all systemic biomarkers (IMA, TNF-α and MDA) to RNFL thinning in glaucoma.

Table 3 Univariate Analysis of IMA AQH Levels and RNFL Thinning

Variables Standardized B 95% CI P value

Lower Upper

IMA AQH Cataract 0.243 −0.388 0.605 0.659

IMA AQH Glaucoma 0.388 −2.119 −0.551 0.001
IMA AQH PACG −0.473 −2.480 −0.174 0.026

IMA AQH POAG 0.356 −1.736 −0.239 0.013

Notes: Univariate analysis, Dependent variable: RNFL. Significance of P value <0.05.

Figure 2 Scatter plot of IMA AQH levels and RNFL in cataract group R2 linear regression with wide variable variation (R2 = 0.006). Pearson’s correlation (r) showed low 
correlation (r=0.08) and no significant correlation (p=0.659) between IMA AQH and RNFL thickness.
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Figure 3 Scatter plot of IMA AQH levels and RNFL thinning in glaucoma, PACG and POAG groups. IMA AQH levels and RNFL showed wide variability in glaucoma 
(R2=0.228), POAG (R2=0.299), and PACG (R2=0.224). Pearson’s correlation showed moderate negative correlations in glaucoma (r=−0.478), POAG (r=−0.547), and PACG 
(r=−0.473). Correlations between IMA AQH levels and RNFL were significant in glaucoma (p=0.001), POAG (p=0.013), and PACG (p=0.03).
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Discussion
This study aims to analyze IMA levels as a biomarker and parameter for early detection of glaucoma. The correlation 
between IMA AQH, IMA, TNF-α, MDA serum levels, and RNFL thinning was analyzed in primary glaucoma patients 
compared to the control group.

The mean age in the control group was 64 years and the glaucoma group was 65 years. Lens opacity caused by 
protein changes in the lens begins at the age of 40 years. The process of aging results in the accumulation of epithelial 
cells and changes in the structure of the lens nucleus protein to be modified and cross-linked. In addition to the altered 
structure, the lens’ defense against oxidative stress also diminishes, which causes the accumulation of free radicals.12 The 
accumulation of free radicals can be illustrated by the increase in levels of IMA AQH in the control group of this study. 
These findings support the previous research that shows IMA AQH levels were increased in cataract patients.13

Glaucoma is a neurodegenerative disease of the optic nerve that results in retinal ganglion cell death and blindness. 
Population studies of Southeast Asian population found that the prevalence of POAG and PACG increased at age above 
40 years old.14 The pathogenesis of many degenerative diseases as well as glaucoma are associated with mitochondrial 
dysfunction. This process occurs related to the aging process which causes the accumulation of oxidative stress and leads 

Figure 4 Scatter plot of IMA AQH levels and RNFL thinning of all study groups Most of the glaucoma group with RNFL < 90 microns was scattered in the right quadrant. 
PACG group was scattered in all quadrants based on glaucoma severity levels. POAG group is uniformly located in the lower right quadrant located at RNFL <80 microns 
with 1 sample are in the left quadrant with RNFL close to 80 microns which indicates early stage of glaucoma. Cutoff of y-axis at 90 microns and x-axis at 9.8 ng/mL.

Table 4 AUC Cutoff Point of IMA AQH Levels

Parameters IMA Levels (ng/mL)

AUC 0.888

P 0.000
Cut off point 9.5

Sensitivity 81%

Specificity 85%
PPV 89.2%

NPV 76.3%
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to apoptosis. Glaucoma has similar characteristics to neurodegenerative diseases such as an increasing prevalence in the 
elderly and a mechanism of selective neuronal cell death according to target organs. Optic nerve head (ONH) has 
abundant mitochondria and acts as a target site for neuronal cell damage.15 The aging process also causes an increased 
susceptibility of ONH in glaucoma. Mitochondrial dysfunction also occurs in the anterior chamber of the eye, mainly the 
trabecular meshwork.16 Our study found the mean age of the glaucoma group was above 40 years old with no significant 
difference in the POAG and PACG groups consistent to previous studies.17

Female gender has a higher risk of angle-closure glaucoma in Asian populations where women were more at risk for 
a shallow anterior chamber angle.18,19 Meanwhile, in POAG, gender was not found as a risk factor.20,21 This study 
demonstrated similar results; more female subjects were found in PACG but no statistical difference between groups. In 
the POAG group it was equal in both female and male.

Table 5 Univariate and Multivariate Analysis of IOP and IMA AQH Levels to RNFL in PACG and POAG Groups

Univariate Analysis Multivariate analysis

95% 
Confidence 
Interval

Standardized 
Coefficients 
Beta

Sig. 95% 
Confidence 
Interval

Standardized 
Coefficients 
Beta

Sig.

Lower Upper Lower Upper

PACG
IOP (mmHg) −0.527 0.213 −0.195 0.385 −1.091 0.863 −0.050 0.81

IMA AQH levels (ng/mL) −0.315 −0.02 −0.473 0.030 −2.563 −0.147 −0.483 0.03

POAG

IOP (mmHg) −0.766 0.869 0.031 0.057 −0.281 1.172 0.270 0.047

IMA AQH levels (ng/mL) −1.736 −0.239 −0.547 0.013 −1.962 −0.373 −0.647 0.006

Notes: Dependent variable: RNFL. Significance of P value <0.05.

Table 6 Univariate and Multivariate Analysis of IMA, TNF-α and MDA Serum Levels to RNFL in Glaucoma, PACG and 
POAG Groups

Univariate Analysis Multivariate Analysis

95% Confidence 
Interval

Standardized 
Coefficients 
Beta

Sig. 95% Confidence 
Interval

Standardized 
Coefficients 
Beta

Sig.

Lower Upper Lower Upper

Glaucoma

IMA serum (ng/mL) −1.108 0.075 −0.269 0.085 −1.660 −0.265 −0.544 0.09
TNF-α (pg/mL) −9.950 12.323 0.039 0.829 −11.10 11.62 0.09 0.963

MDA (ng/mL) −0.089 0.347 0.243 0.232 −0.119 0.310 0.178 0.366

PACG

IMA serum (ng/mL) −2.01 0.198 −0.358 0.102 −1.878 1.911 0.006 0.985

TNF-α (pg/mL) −13.89 13.06 −0.016 0.949 −14.45 23.42 0.221 0.505
MDA (ng/mL) −0.543 1.414 0.258 0.354 −0.639 2.878 0.447 0.187

POAG
IMA serum (ng/mL) −0.726 0.06 −0.438 0.053 −0.457 0.275 −0.157 0.587

TNF-α (pg/mL) −7.741 4.874 −0.135 0.632 −10.06 3.279 −0.311 0.280

MDA (ng/mL) −0.239 −0.058 −0.671 0.330 −0.175 0.010 −0.554 0.074

Note: Dependent variable: RNFL, Significance of P value <0.05.
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The clinical characteristics of the glaucoma subjects described in Table 1 showed the mean of baseline intraocular 
pressure (IOP) 31.90 ± 6.67 mmHg and the mean of preoperative IOP 20.38 ± 4.71. All patients received IOP lowering 
medications before undergoing a surgical procedure to prevent intraoperative complications. In this study, 36.1% 
decrease in IOP from baseline was obtained about 7–10 days from the first visit.

This study analyzed IMA AQH levels between glaucoma patients and controls. Ischemia-modified albumin (IMA) is 
an albumin structure that modifies to an isoform form as a result of ischemia and oxidative stress. IMA levels are 
metabolic variations of albumin, which will increase as a result of ischemic event.22 There were significant differences in 
aqueous humor samples between the glaucoma and control groups. This indicates IMA as a product of albumin 
modification due to oxidative stress is present in significant amount in the aqueous humor of glaucoma patients. 
Serum IMA levels were not found to be significant between the control and glaucoma groups. It can be concluded 
that serum IMA levels cannot represent the intraocular ischemia event due to glaucoma.

The ratio of IMA AQH levels and serum was found to be the highest in the POAG group of 2.87 times compared to 
the control group. While the PACG group was 2.10 times higher than the control group. The results of this study were 
similar to previous studies by Comez et al in experimental animals.22 This study found no significant difference in IMA 
serum levels between groups. This result differs from the previous study by Karakurt et al, Gulpamuk et al, and Comez 
et al, regarding IMA serum levels in glaucoma. Previous studies had shown a significant difference in IMA serum levels 
between glaucoma groups, and these results were considered to be able to distinguish the severity of glaucoma.22–24

Based on the results of this study, IMA serum levels should be analyzed cautiously considering the many confounding 
factors that can interfere the results systemically. The ischemia process itself can occur in any part of the body and contribute to 
an increase of IMA serum levels. The different method of quantifying serum IMA levels also needs further evaluation. 
Albumin has four chains, A and B chains, N-terminal chains and Cys 34. The method of quantifying IMA serum levels in the 
study of Karakurt et al, Gulpamuk et al, and Comez et al were the Albumin Cobalt Binding (ACB).22–24 ACB assay method is 
based on a comparison of the decreased ability of cobalt binding capacity between normal albumin and albumin with 
N-terminal deletion so that it is unable to bind cobalt or what is called IMA. This ACB assay is not specific to the 
N-terminal but has a stronger affinity for the A and B chains. Meanwhile, the specific ELISA method measures the 
N-terminal of albumin25 This difference in the measurement method of quantifying serum IMA levels might be the cause 
of different results in IMA serum levels in this study.

The process of chronic ischemia also causes an inflammatory reaction, reduces ATP production from mitochondria, 
impairs the energy formation and ion pumps and ends in disruption of the ocular blood barrier. Based on previous studies, 
the CRP/albumin ratio has a role in the severity and type of uveitis as an inflammatory disease that affects systemic 
conditions. Decreased systemic albumin levels are a strong prognostic indicator of inflammation, so the CRP/albumin 
ratio (CAR) could be used as a sensitive marker for the acute phase of uveitis.26 This study provided a basis for assessing 
the ratio of systemic albumin to ocular disease, therefore IMA aqueous humor levels were compared to IMA serum 
levels. Based on Table 2, the mean ratio between IMA aqueous humor and serum levels in the cataract group was 1:2.44, 
the primary angle-closure glaucoma group 1:1.01, the primary open-angle glaucoma group 1:0.86, and the glaucoma 
group 1:0.93. The ratio between IMA aqueous humor and serum levels in the PACG group was 1:1.01, the ratio between 
PACG and the glaucoma group was not significantly different. The smallest ratio was found in the POAG group, 1:0.86. 
IMA aqueous humor levels were found to be higher overall in the glaucoma group. In the control group, the ratio of IMA 
AQH and serum levels was 40.9%. These results are similar to those of Elmazar et al with comparison of IMA AQH 
levels of about 33%.13 This shows that the process of oxidative stress that causes chronic ischemia also occurs in 
cataracts, although the levels are not as high as ischemia in the glaucoma group. The presence of the ocular blood barrier 
prevents large amounts of protein from entering the eye to prevent damage to intraocular structures. Therefore, increase 
IMA AQH levels represents the production and expression of IMA of the anterior structures and aqueous humor. It is 
estimated that proteins in aqueous humor can be found in plasma approximately 10% through an outflow pathway.27 The 
ratio of IMA AQH levels to serum in the control group was 40%. While in the PACG and POAG groups in this research 
was 99% and 116%, respectively. Although no significant findings were found in the study serum samples, an increasing 
ratio between IMA AQH and serum levels was identified. The ratio of IMA AQH and serum levels was found to be 
higher in POAG compared to PACG. This is consistent with the pathogenesis of POAG which is chronically progressive 
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in nature. Oxidative stress in POAG occurs in the trabecular meshwork structure of the anterior chamber and retinal 
ganglion cells. POAG is chronically asymptomatic with a continuous ischemia process which is proven by increasing 
IMA AQH levels.

Intraocular pressure in glaucoma is the only known modifiable factor associated with disease progression. Elevated 
IOP is associated with disturbances in the regulation of the trabecular meshwork leading to decreased outflow of aqueous 
humor through both conventional and unconventional pathways. The duration of IOP elevation associated with retinal 
ganglion cell apoptosis. RGC cell death is divided into two phases. The initial phase occurred in the first three weeks by 
apoptosis of 36% RGC cells. The second phase is a deceleration of apoptosis.28 The populations of this study were 
patients who were diagnosed with glaucoma for the first time without a history of previous treatment. The POAG group 
showed a more severe stage than PACG group. This could be due to the possibility that the increase in IOP that occurred 
in the POAG was slower and chronic. Based on the glaucoma pathogenesis, elevation of IOP is caused by an increase in 
outflow resistance due to damage of the trabecular meshwork structures. Therefore, the duration of the IOP elevation also 
affected apoptosis of RGC.

The IMA AQH sample obtained from the anterior chamber of the eye, so it is possible that ischemia resulted from the 
trabecular meshwork structure. Based on research by Izzotti et al, the structure of the trabecular meshwork in the anterior 
chamber is the most susceptible to oxidative stress compared to other ocular structures. The trabecular meshwork consists 
of a structure of collagen beams surrounded by endothelium cells with an extracellular matrix. Structure of trabecular 
meshwork, which consisted of the porous structure, size and shape of the trabecular meshwork cells, volume changes, 
and intracellular permeability have a role in the aqueous humor outflow. This outflow process can be damaged if there is 
an accumulation of protein degradation due to oxidative stress or aging process that causes apoptosis. Disruption to the 
structure of this trabecular meshwork will trigger oxidative stress, also interfere with the aqueous humor outflow.29 In 
this study, oxidative stress has a correlation with increasing IOP in POAG group. Oxidative stress changes the structure 
of the extracellular matrix of the trabecular meshwork so that the outflow of aqueous humor is disrupted and eventually 
leads to IOP elevation in glaucoma. Dysfunction of the outflow accompanied by lens opacities caused the IMA AQH 
level of the glaucoma group to be higher than the control group. In this study, IMA AQH levels were found to have 
a significant correlation with IOP in the POAG group, but no correlation was found in the PACG group.

Based on the IOP elevation that occurs in glaucoma, the researchers assume that the quantification of the damage that 
occurs in the anterior segment through IMA AQH levels may describe the process that occurs in the posterior segment. 
The study showed that the trabecular meshwork and lamina cribrosa had the most similar collagen structure and protein 
expression. This conformity of structure results in the similarity in susceptibility to oxidative stress between the lamina 
cribrosa and the trabecular meshwork.30 In this study, the measurement of IMA AQH levels were associated with RNFL 
thinning. This study measured the level of IMA AQH in the condition that the intraocular pressure had been lowered to 
normal limits, but the level of IMA was still found to be significantly increased in glaucoma patients. This represents that 
the RNFL apoptotic process occurs not only due to mechanical factor of IOP elevation, but also through oxidative stress 
mechanisms.31

The current method of early detection of glaucoma is through OCT examination by quantifying RNFL thinning that 
describes structural glaucoma damage. Based on the previous study, it was found that the majority of glaucoma patients 
showed RNFL abnormalities at least 3–6 years before the damage reaching 30–50% prior to the visual field defect. 
Examination of RNFL thinning via OCT has several drawbacks. These tests generally need to be performed serially with 
sufficient time intervals to assess disease progression. In addition, the OCT value is compared with normal population 
data to assess the normality of the data. It is difficult to assess patients who are still in the normal range but have 
experienced significant thinning in RNFL or described as progression in green. Therefore, it is important to do an early 
detection of glaucoma, especially in patients with risk factors, because of the wide window period between the 
occurrence of structural damage that precedes functional impairment.4 On this basis, biomarkers have a role in early 
detection of disease before structural damage occurs.

This study found a significant correlation between IMA AQH levels and RNFL thinning, so the increased level of 
ischemia that occurs can predict the progression of RNFL thinning before the damage process can be shown by OCT 
examination. This is based on the IMA AQH levels as a quantification of anterior segment damage in glaucoma, where 
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similar protein expression occurs in the posterior segment. In the glaucoma, PACG and POAG groups, there was 
a significant correlation between IMA AQH levels and RNFL thinning. These results indicate that the quantification of 
IMA AQH in addition to describing the levels of anterior segment oxidative stress can also represent processes in the 
posterior of intraocular especially RGC.

The data in this study found that IMA AQH levels above 9.5 ng/mL with RNFL within normal limits were the cut off 
for probable glaucoma patients. This value is obtained by determining the cut-off point of the population with the 
thickness of the RNFL still within normal limits of 90 μm. The cut-off point aims to detect populations with normal 
RNFL thickness but have experienced thinning progression from 2 or 3 OCT examinations (progression in green). RNFL 
also physiological thinning with 0.17% per year, so quantification of IMA AQH levels can be considered as an early 
diagnosis parameter of glaucoma in high risk population. The researchers obtained a balanced sensitivity and specificity 
value at the IMA level of 9.5 ng/mL with an AUC value (0.88) which is good for differentiating between the glaucoma 
group and the control group.

Multivariate analysis was done to assess the most contributing factor in RNFL thinning in glaucoma. This study 
showed that in the POAG group there was a significant correlation in IOP and IMA AQH levels. This suggests that in 
POAG, chronically elevated IOP and accumulation of oxidative stress contribute to RNFL thinning. However, in the 
PACG group a significant correlation found with IMA AQH but not in IOP elevation. According to the pathogenesis of 
PACG, the increase in IOP is generally shorter than POAG. This is due to anatomical factors such as lens thickness, iris 
apposition, and anterior chamber angle that contribute to the intermittent increase in IOP. While in POAG, the location of 
the outflow resistance is in the trabecular meshwork causes the increase in IOP is chronic and continuous. IMA AQH 
levels correlated with both POAG and PACG, indicating that oxidative stress plays a role in the pathogenesis of both 
glaucoma groups.

This study also analyzed other glaucoma biomarkers as a comparison. MDA as a biological marker of peroxidative 
cell damage triggered by oxidative stress. Lipid peroxidation is an indicator of oxidative stress at the cellular level. 
Elevated MDA levels are often associated with diseases caused by oxidative stress. Nucci et al found that the MDA 
levels in the serum and aqueous humor of glaucoma patients were increased compared to the non-glaucoma group. High 
serum MDA levels may reflect a similar increase in aqueous humor. This assumption is based on the state of oxidative 
stress that occurs locally in the ocular as well as systemically.32

We also assessed TNF-α levels as a comparative biomarker. TNF-α is an immunomodulatory cytokine, which is 
associated with tissue ischemia as well as damaged and remodelling of neurons. In glaucoma, an increase in TNF-α 
expression was found in glial cells, in addition to TNF-α receptors on retinal ganglion cells. The inflammatory 
component has a correlation with increased IOP and ischemia with RGC damage in glaucoma. Ischemia causes 
inflammation, which produces proinflammatory mediators and disrupts the integrity of vascular endothelial cells.33

This study found no correlation between serum MDA and TNF-α levels on RNFL thinning in the glaucoma group. 
These data were consistent with serum IMA levels that showed no association with RNFL thinning. This may be caused 
by a disease process that occurs mainly intraocular and systemic conditions cannot describe the course of the disease. In 
glaucoma, the damage to the ocular blood barrier was relatively unaffected, otherwise the main problem was the 
reduction of the outflow pathway. Therefore, the levels of oxidative stress in aqueous humor were not reflected by 
systemic levels. The equilibrium of oxidant and antioxidant levels in serum is also thought to have many confounders. 
Although exclusion criteria for subjects in this research have excluded systemic diseases such as diabetes, hypertension, 
gout, and a history of heart problems, the aging process itself is a risk factor for increased levels of systemic oxidative 
stress. Moreover, the small sample size can cause the discrepancy in the results of serum biological markers in this study 
compared to previous studies.

Overall, this study supports the role of oxidative stress in the pathogenesis of glaucoma. As far as author’s knowl-
edge, this is the first study that evaluated the IMA AQH levels in all primary glaucoma. Biological markers of ischemia 
through IMA AQH levels quantification can be an alternative for early detection of glaucoma. This research could be 
considered to be a reference for further studies regarding the role of oxidative stress in the course of glaucoma. Research 
on biological markers of IMA can also develop as an alternative to glaucoma treatment through the role of local and 
systemic antioxidants.
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Conclusions
IMA aqueous humor levels represent the state of intraocular local oxidative stress in glaucoma patients. IMA serum 
levels do not represent the intraocular abnormalities of glaucoma caused by local oxidative stress with an intact ocular 
blood barrier. Serum TNF-α and MDA levels were not found to be associated with RNFL depletion in glaucoma patients. 
Therefore, serum biomarkers are unable to illustrate glaucoma pathogenesis and intraocular local damage. The state of 
systemic oxidative stress does not reflect the local intraocular events in glaucoma. IMA AQH levels were found to 
increase with RNFL thinning in glaucoma. The value for the IMA aqueous humor level reference is 9.5 ng/mL as 
probable early diagnosis for glaucoma. This figure can be considered as a reference value for screening testing through 
the anterior chamber paracentesis method, especially in individuals with risk factors. IMA AQH levels in patients with 
POAG describe a chronic ischemic process associated with increased IOP for a longer time accompanied by accumula-
tion of oxidative stress. IMA AQH levels reflecting intraocular oxidative stress as a factor affecting RNFL thinning in 
POAG and PACG groups, but were not correlated by increased IOP in PACG.

Abbreviations
AQH, aqueous humor; AUC, area under curve; DR, diabetic retinopathy; HFA, Humphrey visual field analyzer; IMA, 
ischemia-modified albumin; IOP, intraocular pressure; MD, mean deviation; MDA, malondialdehyde; OCT, optical 
coherence tomography; ONOO-, peroxynitrite; ONH, optic nerve head; PACG, primary angle closure glaucoma; 
POAG, primary open angle glaucoma; RGC, retinal ganglion cell; RNFL, retinal nerve fiber layer; ROC, receiver 
operating characteristic; rpm, revolutions per minute; ROS, reactive oxygen species; TNF-α, tumor necrosis factor alpha.
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