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 Primary open-angle glaucoma (POAG) is the most common type of 

glaucoma. Corneal thickness is a biomarker for glaucoma genotype, that 

was significantly thinner in patients receiving topical antiglaucoma, 

beta-blockers, prostaglandin analogues, carbonic anhydrase inhibitors, 

and alpha-2 agonists. This study was an analytic observational study 

with cross sectional design to analyze corneal thickness in patients with 

POAG who received glaucoma medication. The subjects were POAG 

patients that received glaucoma medication for more than 6 months. 

Corneal thickness measurements were performed using Anterior 

Segment-Ocular Coherence Tomography (AS-OCT). From 60 POAG 

subjects, the mean age was 54.60±10.021 years old and female subjects 

was accounted for 55%. From total of 75% subjects who received multi-

therapy treatment, most type of treatments were beta blockers and 

prostaglandin analogues. The average duration of treatment was 

21.97±13.062 months. This study found statistically significant and 

negative correlation in superior paracentral (p=0.037, r-0.231) and 

superonasal paracentral (p=0.029, r- 0.241) corneal thickness with the 

duration of treatment. The study revealed that there was a significant 

relationship between the use of beta blockers and prostaglandin 

analogues. The relationship between corneal thickness and duration of 

treatment was found, which was thinning of corneal thickness in all 

areas but statistically, a significant relationship was only found in the 

superior paracentral, superonasal paracentral, and inferonasal paracentral 

areas. There was a significant correlation between the type, amount, and 

duration of treatment on central corneal thickness. Anterior segment 

OCT might be helpful to evaluate the effect of antiglaucomatous 

medications on corneal epithelial thickness. 
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1. Introduction 
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Glaucoma is the leading cause of irreversible blindness and the second leading cause of vision loss 

worldwide. Glaucoma is currently affecting more than 60 million people with a global prevalence of 2.2% 

[1], [2]. Glaucoma is a collection of symptoms characterized by curvature or cupping of the optic nerve 

head and impaired visual function in the form of narrowing of the visual field [3]. Primary open-angle 

glaucoma (POAG) is the most common type of glaucoma, affecting 1 in 100 people over 40 years old and 

causing blindness in 12% of all blindness cases in the UK and the United States. Based on data from the 

Basic Health Research (Riskesdas) in 2007, the incidence of glaucoma in Indonesia reached 0.46% [4]. 

 

Elevated intraocular pressure (IOP) is a major risk factor. Several studies have shown that thinner central 

corneal thickness (CCT) is a risk factor for the development and progression of POAG [5], [6]. A 

significant increase up to 70% due to the decreases by about 40 µm of CCT [5], [7]. A study at the Beijing 

Eye Study showed that myopia is also risk factor for POAG, especially in high myopia (> 6D, OR=8) for 

glaucoma when compared to emmetropia [8]. The risk of primary open-angle glaucoma also increases with 

age, male gender, black race, 6 times with the same family history, hypertension and diabetes mellitus 

comorbid, and low OPP [9- 14]. 

 

Corneal thickness is a biomarker for a glaucoma genotype and related to optic nerve head biomechanics 

because of the continuity of the cornea, sclera, and optic disc lamina, where the corneal thickness may 

reflect the tendency of the sclera and lamina cribrosa to deform [15- 17]. Corneal thickness is measured 

using various devices, such as pachymetry ultrasound, confocal microscopy, and anterior segment optical 

coherence tomography (AS-OCT), as the combined thickness of the three main cornea’s histological layers 

including epithelium, stroma, and endothelium [18]. 

 

Antiglaucoma medications are known to have adverse effects on the ocular surface. Systemic antiglaucoma 

group consists of carbonic anhydrase inhibitors, osmotics, and neuroprotective drugs [19], [20]. There are 

currently 6 types of topical antiglaucoma classes: cholinergics, adrenergic agonists, beta-blockers, 

prostaglandin analogs, carbonic anhydrase inhibitors, and hyperosmotics. The main side effects that occur 

in 15-50% of glaucoma patients include local allergic reactions, chronic conjunctival inflammation, tear 

film abnormalities, and corneal epitheliopathy. The prostaglandin analogue group is known to have side 

effects such as conjunctival hyperemia, lacrimation, and photophobia. The carbonic anhydrase inhibitor 

class has minimal side effects on the ocular surface, but has systemic side effects such as peripheral 

neuropathy [19]. 

 

Continuous use of topical antiglaucoma therapy can induce changes in the ocular surface. Corneal thickness 

was significantly thinner in patients receiving topical antiglaucoma and it was an effect of beta-blockers, 

prostaglandin analogues, carbonic anhydrase inhibitors, alpha-2 agonists, and total drug use. Age is 

inversely related to corneal stroma and epithelial thickness. The use of AS-OCT is helpful in evaluating the 

effect of antiglaucoma on corneal thickness [19], [21]. Anterior segment-OCT (AS-OCT) is a non-invasive 

tool that can generate CET maps in several sectors [22], [23]. 

 

Based on several studies and this theoretical basis, we wanted to evaluate the type and duration of 

treatment, also the amount of drug that can affect the ocular surface and its correlation with corneal 

thickness in patients with POAG who received medical treatment. 

 

2. Materials and methods 

 

2.1 Study Population 
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This study was conducted at the Department of Ophthalmology University of Sumatera Utara General 

Hospital, Medan, Indonesia. Approval from the Institutional Review Board Ethics Committee was obtained 

from the Ethics Committee of the Universitas Sumatera Utara, and the study adhered to the principles of the 

Declaration of Helsinki. Informed consent was obtained from all subjects. This study was an observational 

analytic study with a cross sectional design. This study analyzed corneal thickness in 60 subjects with 

primary open angle glaucoma (POAG) who had received medical treatment. The samples were >30 years 

old POAG patients who received medical treatment >6 month at University of Sumatera Utara General 

Hospital from March to July 2022. 

 

2.2 Diagnosis and Inclusion Criteria 

POAG was diagnosed by a glaucoma specialist. POAG was diagnosed based on open anterior chamber 

angles with glaucomatous optic neuropathy and corresponding VF loss. VF loss was determined by 

including a cluster of three or more nonedege contigo.us points on the pattern deviation plot and had a 

probability of less <5% of being present in age (one of which was less than 1%), less than 20% fixation 

losses, less than 15% false positives and less than 15% false negatives. The inclusion criteria for POAG 

subjects were as follows: absence of any secondary glaucoma or any other eye disease that could potentially 

affect visual acuity, absence of corneal abnormalities, absence of cataracts, history of glaucoma surgery, 

absence of metabolic syndrome, absence of diabetes mellitus and autoimmune disease and cancer. 

 

2.3 Examination 

Clinical data were obtained from POAG patients who underwent a standardized ophthalmic examination 

conducted by a glaucoma specialist. This examination included the assessment of the anterior chamber 

angle by gonioscopy (Haag Streit, Bern, Switzerland) and IOP measurement using Goldmann Applanation 

tonometry (Haag Streit, Bern, Switzerland). Cup disc ratio was evaluated by glaucoma specialist based an 

analysis of the fundus photos. A spectral domain OCT (Optovue, Inc. Fremont, CA,USA) with a cornea-

lens to image the anterior segment was used. The system works at 830 nm wavelength and has a scan speed 

of 26,000 axial scans per second with a depth resolution of approximately 5 um axial and 20 um transverse. 

The pachymetry scan pattern settings in the OCT were used and the cornea mapped. The corneal thickness 

was measured by an automated algorithm that detects the distance between the anterior and posterior 

boundaries on the cross sectional images of the cornea. A 2 mm diameter pachymetry map was obtained. 

The pachymetry map was divided into zones by annular rings (0,5 mm, 1,5 mm and 2 mm) and octants. The 

average pachymetry measurement of each zone was displaced in its sector map. The average pachymetry of 

the central 0,5 mm zone was recorded as the OCT CCT. The average pachymetry of the octants consists of 

Superior (S), Superotemporal (ST), Temporal (T), Inferotemperol (IT), Inferior (I), Inferonasal (IN), Nasal 

(N), Superonasal (SN) zones from 0,5 mm to 1,5 mm diameter were recorded as paracentral corneal 

thickness [24]. 

 

2.4 Statistical analysis 

Statistical data was processed and analyzed using the Statistical Package for Social Science (SPSS) version 

26. Categorical variables are presented with frequency (n) and percentage (%). Numerical variable data 

which are normally distributed are presented with mean standard deviation and data that are not normally 

distributed are presented with median (minimum-maximum). Normality test analyzed with the Saphiro 

Wilk test. The independent t-test, Mann Whitney and Kruskal Wallis test were used to determine the 

relationship between corneal thickness and glaucoma medication. Pearson correlation was used on data with 

normal distribution and Spearman correlation test on data not normally distributed. Spearman and Pearson 

test was used when the value in any value less than 5. Meanwhile, p-value lower than 0.05 was considered 

statistically significant. 
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3. Results 

 

3.1 Subjects Characteristics 

Total of 60 POAG subjects that fulfill the inclusion and exclusion criterias participated in this study. The 

results showed that the subjects were predominantly female (55%) where 45% had received multitherapy 

treatment with a combination of Beta blockers + PGA (53.3%). The mean intraocular pressure was 

14.98±4.369 mmHg with measurements of <21 mmHg in 68 eyes (82.9%) and >21mmHg in 14 eyes 

(17.1%). Basic characteristics of POAG subjects are presented in Table 1. 

 

Table 1. Demographic and clinical characteristics 

Parameter N (%) Mean ± SD 

Sex 

 Men 

 Women 

 

27 (45) 
33 (55) 

 

Age 

 36-45 years old 

 46-55 years old 

 56-65 years old 

 >65 years old 

 
16 (26.7) 

18 (20) 

17 (28.3) 

9 (5) 

54.60 ± 10.021 

Amount of treatment   

 Monotherapy 

 Multitherapy 

15 (25) 

45 (75) 

 
Type of treatment 

- Beta Blocker  

- Prostaglandin Analogeus 

- Beta Blocker + PGA  
- Beta Blocker + PGA + CAI 

 

8 (13.3) 

7 (11.7) 
32 (53.3) 

13 (21.7) 

Duration of treatment 

- < 1 years  

- 1-3 years  

- > 3 years 

 

24 (40) 

25 (41.7) 
11 (18.3) 

21.97 ± 13.062 

Introcular pressure, IOP 
- < 21 mmHg 

- ≥ 21mmHg 

 
68 (82.9) 

14 (17.1) 

14.98 ± 4.369 

Corneal thickness 

Central 

 

 

 

516.95 ± 18.608 
Paracentral 

- Superior 

- Superonasal  

- Superotemporal  

- Inferior  

- Inferonasal  
- Inferotemporal  

- Nasal  

- Temporal 

  

545.85 ± 20.549 

540.52 ± 20.046 
528.16 ± 17.712 

519.94 ± 17.669 

523.60 ± 17.772 

514.23 ± 17.038 
531.50 ± 17.568 

515.54 ± 16.995 

Periphery 

- Superior 

- Superonasal  
- Superotemporal  

- Inferior  

- Inferonasal  

- Inferotemporal  

  

564.43 ± 17.930 
551.34 ± 19.002 

545.34 ± 18.226 

532.15 ± 17.865 
533.74 ± 17.768 

528.29 ± 19.611 
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- Nasal  

- Temporal 

530.98 ± 21.026 

515.89 ± 19.011 

 

3.2 Correlation between corneal thickness and glaucoma medication 

The result of one-way ANOVA test was shown in table 2. There was statistically significant relationship 

between type of systemic antiglaucoma and some area of corneal thickness; the superior paracentral area 

(p=0.032), paracentral superonasal (p=0.036), superotemporal paracentral (p=0.045), and peripheral 

inferotemporal (p=0.009). 

 

Table 2. Correlation Between Corneal Thickness and Type of Glaucoma Medication 

Corneal Thickness Beta Blocker Prostaglandin 

Analog 

Beta Blocker + 

PGA 

Beta Blocker + 

PGA + CAI 

Anova P 

value 

Central 524.90 ±18.888   516.64 ± 21.950  513.75 ± 18.505  519.89 ± 15.377 0.330 

Paracentral      

- Superior 

- Superonasal  

- Superotemporal  

- Inferior  

- Inferonasal  

- Inferotemporal  

- Nasal  

- Temporal 

558.93 ± 19.871 
552.60 ± 21.093 

539.20 ± 18.879  

526.90 ± 15.206  

530.60 ± 14.683  

522.50 ± 12.903  

542.70 ± 16.014  

524.80 ± 13.139  

550.93 ± 23.591 
545.57 ± 22.994 

530.29 ± 18.470  

522.22 ± 12.836  

527.57 ± 19.338  

517.14 ± 17.879  

532.79 ± 16.890  

517.71 ± 18.070  

539.58 ± 20.666 
534.58 ± 20.042  

523.17 ± 18.023  

516.03 ± 18.976  

519.63 ± 19.251  

510.38 ± 18.603  

527.78 ± 19.050  

511.93 ± 18.535  

549.00 ± 13.547 
543.11 ± 12.499  

531.44 ± 12.439  

522.22 ± 12.836  

525.44 ± 13.116  

515.94 ± 13.086  

532.56 ± 13.232  

516.72 ± 12.662  

0.032* 
0.036*    

0.045* 

0.233 

0.219 

0.172 

0.109 

0.165 

Periphery      

- Superior 

- Superonasal  

- Superotemporal  

- Inferior  

- Inferonasal  

- Inferotemporal  

- Nasal  

- Temporal 

573.50 ± 16.781  

561.10 ± 22.048  

557.80 ± 13.113  

544.30 ± 9.673  

544.40 ± 10.926 
545.10 ± 14.130  

540.70 ± 21.339 

524.90 ± 19.689  

564.71 ± 14.631  

549.07 ± 16.160  

544.93 ± 16.122  

534.93 ± 15.573  

536.07 ± 17.826  
532.71 ± 17.331  

536.00 ± 14.874  

520.93 ± 13.798  

562.58 ± 19.942  

550.25 ± 20.895  

544.63 ± 19.041  

531.15 ± 18.881  

531.92 ± 18.733  
522.90 ± 18.421  

527.67 ± 24.006  

510.85 ± 18.274  

562.58 ± 15.770  

550.11 ± 14.037  

540.33 ± 18.680  

525.44 ± 18.020  

530.06 ± 17.305  
527.50 ± 21.618  

529.00 ± 16.371  

518.17 ± 21.707  

 

0.387 

0.390 

0.106 

0.051 

0.169 
0.009* 

0.255 

0.096    

 

*One-way ANOVA, p value <0.05 

 

After statistical testing with T-independent test of corneal thickness with glaucoma medication, statistically 

significant values were obtained in subjects with the amount of drug obtained in the superior paracentral 

(p=0.021), superonasal paracentral (p=0.020), inferior periphery (p=0.028), inferotemporal periphery 

(p=0.004), and temporal periphery (p=0.040) (Table 3). 

 

Table 3. Correlation of Corneal thickness and Amount of the Treatment 

Corneal Thickness Monotherapy Multitherapy P value 

Central 520.08 ± 20.717 515.66 ± 17.693 0.330 

Paracentral    

- Superior 553.96 ± 21.965 542.50 ± 19.139 0.021* 

- Superonasal 548.50 ± 22.034 537.22 ± 18.366 0.020* 

- Superotemporal 534.00 ± 18.773 525.74 ± 16.831 0.054 
- Inferior 524.75 ± 17.669 517.95 ± 17.432 0.113 

- Inferonasal 528.83 ± 17.264 521.43 ± 17.671 0.086 

- Inferotemporal 519.38 ± 15.910 512.10 ± 17.165 0.079 

- Nasal 536.92 ± 16.927 529.26 ± 17.478 0.072 

- Temporal 520.67 ± 16.274 513.41 ± 16.967 0.079 

Periphery 
- Superior 

 

568.38 ± 15.836 
 

562.79 ± 18.611 
 

0.202 
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- Superonasal 554.08 ± 19.352 550.21 ± 18.908 0.404 

- Superotemporal 550.29 ± 16.007 543.29 ± 18.872 0.115 

- Inferior 538.83 ± 13.999 529.38 ± 18.651 0.028* 
- Inferonasal 539.54 ± 15.618 531.34 ± 18.171 0.057 

- Inferotemporal 537.88 ± 16.935 524.33 ± 19.611 0.004* 

- Nasal 537.96 ± 17.573 528.09 ± 21.785 0.052 

- Temporal 522.58 ± 16.226 513.12 ± 19.511 0.040* 

*T-independent Test, p value <0.05 

 

Analysis between corneal thickness and duration of treatment, significant values were also found in the 

superior paracentral (p=0.016), superonasal paracentral (p=0.014), and inferonasal paracentral (p=0.042) 

areas (Table 4). 

 

Table 4. Correlation Between Corneal Thickness and Duration of Treatment 

Corneal thickness <1 years 1-3 years >3 years P value 

Central 520.34 ± 19.160 513.72 ± 18.318 515.56 ± 17.873 0.348 

Paracentral 

- Superior 

 

553.00 ± 19.503 
 

538.62 ± 20.028 
 

543.61 ± 19.773 
 

0.016* 

- Superonasal 547.69 ± 18.959 533.62 ± 19.124 537.72 ± 19.955 0.014* 

- Superotemporal 533.46 ± 15.879 523.41 ± 18.740 525.50 ± 17.561 0.058 

- Inferior 524.89 ± 16.510 515.72 ± 18.837 517.11 ± 16.392 0.087 

- Inferonasal 529.17 ± 16.282 518.45 ± 19.037 521.06 ± 16.181 0.042* 

- Inferotemporal 519.03 ± 14.282 509.83 ± 19.299 512.00 ± 16.613 0.080 

- Nasal 536.34 ± 15.505 527.10 ± 19.419 529.17 ± 16.780 0.090 

- Temporal 518.83 ± 13.109 511.45 ± 19.868 515.72 ± 18.204 0.226 

Periphery     

- Superior 566.89 ± 15.210 561.66 ± 19.219 564.11 ± 20.858 0.513 

- Superonasal 552.94 ± 16.110 547.76 ± 19.845 554.00 ± 22.760 0.448 

- Superotemporal 546.71 ± 18.172 543.28 ± 19.710 546.00 ± 16.666 0.748 

- Inferior 535.69 ± 18.852 528.21 ± 17.387 531.61 ± 16.107 0.249 

- Inferonasal 537.77 ± 18.143 529.86 ± 16.666 532.17 ± 18.073 0.191 

- Inferotemporal 532.60 ± 20.950 523.62 ± 17.709 527.44 ± 19.027 0.187 

- Nasal 534.63 ± 20.527 527.14 ± 21.467 530.06 ± 21.242 0.362 

- Temporal 518.57 ± 16.778 513.28 ± 20.305 514.89 ± 21.271 0.529 

*One-way ANOVA, p value <0.05 

 

In subsequent analyses, there was no significant relationship between age and IOP with superior paracentral 

corneal thickness (p=0.446 and p=0.819, respectively) neither with paracentral superonasal (p=0.453 and 

p=0.839, respectively). However, a significant relationship was found between treatment duration with 

superior paracentral (p=0.037) and superonasal paracentral (p=0.029). The correlation values (r) obtained 

were -0.231 and -0.241 which indicated that there was a negative correlation with lower strength between 

duration of treatment with superior paracentral and superonasal paracentral. The longer duration of 

treatment will be followed by thinning of the corneal thickness. 

 

Table 5. Correlation Between Corneal Thickness of Paracentral Superior and Paracentral Superonasal with 

Age, IOP, and Duration of Treatment 

Paracentral superior Paracentral superonasal 
Parameter p r p r 
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Age 0.446a 0.085  

0.453 a 

0.084 

IOP 0.819a -0.026 0.839 a -0.023 

Duration of treatment 0.037a* -0.231 0.029 a* -0.241 
a Pearson 

 

4. Discussion 

This study investigated the analysis of corneal thickness and glaucoma medication in primary open angle 

glaucoma in Medan, North Sumatera, Indonesia. The correlation of corneal thickness and duration of 

glaucoma medication was also observed and statistically significant differences from duration of treatment 

with corneal thickness. Based on previous research, there is no report on the relationship between corneal 

thickness and glaucoma medication in primary open angle glaucoma. 

 

In this study, female subjects were dominant that accounted for 55.0% of the total subjects. The mean age 

of the subjects was 54.60±10.021 years old. This result is similar with the study by [19] in Turkey where 

they found the mean age of POAG patients was 58.7±11.2 years old, and with majority of the sample was 

female. In contrast, the report from Montorio's study in Italy and Nam's study in Korea stated that the male 

gender predominates POAG patients [20], [21]. 

 

The statistical results from this study showed that there was a significant relationship between the use of 

beta blockers and prostaglandin analogues. From Table 2, corneal thickness in paracentral cornea had 

significant correlation in superior (p=0.032), superonasal (p=0.036), and superotemporal (p=0.045). This 

result has shown that the compared use of single used of betablocker or prostaglandin analog, and 

combination use of beta blocker + prostaglandin analog, betablocker + prostaglandin analog + carbonic 

anhidrase inhibitor have significant correlation in paracentral superior, parasentral superonasal, and 

paracentral superotemporal. The study by [19] also stated that there was a combination of beta blockers and 

prostaglandin analogs that had a correlation with corneal thinning. It was as combination of side effects of 

using both groups. The relationship between corneal thickness and duration of treatment was found which 

was thinning of corneal thickness in all areas but statistically, a significant relationship was only found in 

the superior paracentral, superonasal paracentral, and inferonasal paracentral areas. Long term use of 

prostaglandin analog has been associated to collagen degredation in stromal extracellular matrix, which 

eventually resulted in CCT reduction. This is in line with studies condu5cted by Leila in Egypt and 

Viswanathan et al. that long-term use of anti-glaucoma therapy has a correlation with thinning of the 

corneal layer [25], [26]. 

 

Research conducted by Nam et al in Korea and Montorio et al in Italy also stated that there was a 

relationship between the use of beta blockers, prostaglandin analogs, and carbonic anhydrase inhibitors with 

gradual thinning of the corneal layer and related to the duration of treatment and the stability of the tear 

film. This results was similar to Schrems's study that found that the use of combination therapy was also 

associated with thinning of the corneal layer at follow-up phase [20], [21]. 

 

In study by Wang that conducted in China stated that age and gender can also be taken into consideration in 

the examination of corneal thickness, epithelial thickness, and axial length. This was also supported by 

research by Doughty which states the use of anti-glaucoma drugs on various age and sex of the patient were 

need to be adjusted due to the reason all age groups and sex could have decrease corneal thickness along 

with the duration of anti-glaucoma drugs [17], [21], [27]. 
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Similar to the result of this study, Cennamo's study in India concluded that age, gender, IOP of patients 

needed to be checked carefully in every visit as they had a significant effect on central corneal thickness. 

Systemic disease can also be a parameter that needed to be considered in the administration of anti-

glaucoma treatment in order to have a good effect on the patient. This was due to the abnormal expression 

of interleukins and inflammatory markers on the corneal surface of POAG patients [19]. This inflammatory 

process could affect the epithelial cells of the cornea and the sub-basal nerve plexus; which could be seen 

on confocal microscopy in the form of pathogenic changes on the surface of the eye [22]. 

 

There are some limitations in this study. In particular, it is limited by small number patients. We evaluated 

only measure of corneal thickness with glaucoma medication in primary open angle glaucoma. We could 

not assess whether the thinning of CCT has an effect on glaucoma progression, due to the lack data. 

 

5. Conclusion 

We found a significant relationship was found in the type, amount, and duration of treatment on certain 

corneal thickness. These findings indicated that the longer duration of treatment would be followed by a 

thinning of the corneal thickness. Anterior segment OCT might be helpful to evaluate the effect of 

antiglaucomatous medications on corneal epithelial thickness during treatment 
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