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Abstract  Original Research Article 
 

Aim: To determine the factors associated with para-central defect for primary open angle glaucoma in a Singaporean 

Chinese population. Methods: In a retrospective case series of Singaporean Chinese primary Open Angle Glaucoma 

(POAG) cohort, we analyzed the pattern of visual field defect at the first time of presentation. Diagnosis was 

categorized as normal tension glaucoma (NTG) if untreated presenting diurnal intraocular pressure (IOP) was ≤21 mm 

Hg and high tension glaucoma (HTG) if IOP was>21 mm Hg. Para central defect was defined as glaucomatous defect 

(p<0.5%) within 10 of fixation in pattern deviation plot and all other glaucomatous defects were grouped as non-para 

central defects. Para central defect (PCD)was considered the dependent variable with age, gender, logmar visual acuity 

(Log VA), IOP, central corneal thickness (CCT), vertical cup disc ratio(VCDR), mean deviation (MD) value, 

diagnosis and co-morbid conditions (hypertension, diabetes, asthma, ischemic heart disease) at presentation were 

considered as independent variables for multivariate regression analysis. Results: Of the 887eyes of 887 POAG 

patients included, 146 (16.45%) had PCD at presentation. Mean age was 62.37 (+9.9) years, males were 67.4%, 

673(75.8 %) had HTG and 214(24.1%) had NTG.PCD was significantly associated with lower presenting IOP (= -

0.051, p=0.002), NTG ( = -0.672, p=0.001) and lower MD values ( = 0.077, p<0.001). Conclusion: Para-central 

visual field defects were associated with NTG, lower presenting IOP and less severe visual field defects at initial 

presentation. 
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INTRODUCTION 
Adult onset primary open angle glaucoma 

(POAG) is the leading cause of irreversible blindness 

worldwide. Visual field defects in glaucoma patients 

commonly occur in the periphery and gradually extend 

to central field. Some glaucoma patients might present 

with central field defect as para-central scotoma, 

denoting loss of the maculo papillary nerve fiber layer 

bundles. The patients with these defects may have a 

higher threat of visual acuity loss, reading difficulty and 

poor driving performance [1-3]. 

 

Para-central defects (PCD) have been 

described to occur more often in eyes with intraocular 

pressure (IOP) within the normal range (normal tension 

glaucoma) than high pressure open angle glaucoma [4, 

5], even though some reports have been 

nonconfirmatory [6, 7].
 
Visual loss morphology study 

has shown a significant difference in sensitivity 

between HTG and NTG [8]. In developed countries, 

patients with open angle glaucoma, more advanced 

visual field loss at presentation and advanced age have 

been found to be the risk factor for development of 

blindness [9]. 

 

Glaucoma patient with initial para-central 

scotoma are more likely to have vascular factors 

(hypotension, migraine, Raynaud’s phenomenon and 

sleep apnea) than patients with initial peripheral defects 

[9]. A Caucasian cohort from United States and 

Australia have found association of p53 codon 72 

PRO/PRO genotype with early visual field defects in 

POAG patients with PCD [11]. 

 

However, the glaucomatous visual field (VF) 

defects with para-central scotoma in previous studies 

included numerous types (open, closed and pigmentary) 

https://www.google.com.sg/search?espv=210&es_sm=93&biw=1241&bih=583&q=define%2Bnumerous&sa=X&ei=ifi_UuKRMMuxrgf43YHACA&ved=0CCwQ_SowAA
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of glaucoma and only patients with early defects. Role 

of multiple chronic illnesses like diabetes mellitus, 

hypertension, ischemic heart disease and 

hypercholestremia in pathogenesis of open angle 

glaucoma associated with PCD is not studied. 

 

Factors associated with PCD in comparison to 

glaucomatous defects of varying severity at the time of 

presentation was not clearly documented and no data on 

risk factors of PCD for Chinese population available so 

far. We therefore investigated risk factors associated 

with clinical characteristics of PCD in comparison to all 

other non-para central visual field defects at the time of 

presentation in a cohort of Singaporean Chinese POAG 

patients. 

 

METHOD 
The records of all the patients of established 

primary open angle glaucoma (POAG) enrolled in study 

a genetics study recruiting POAG patients were 

reviewed for this retrospective study. 

 

Age, gender, logmar visual acuity (Log VA), 

IOP, Vertical cup disc ratio, Central corneal thickness 

(CCT), Mean deviation (MD) and Diagnosis high 

tension glaucoma (HTG) or Normal tension glaucoma 

(NTG) noted at the time of diagnosis in glaucoma clinic 

were retrieved from medical records. The diagnosis of 

POAG required the following criteria: presence of 

glaucomatous optic neuropathy (defined as loss of 

neuro retinal rim with a vertical cup: disc ratio of >0.7 

or an inter-eye asymmetry of >0.2, and/ or notching 

attributable to glaucoma) with compatible visual field 

loss, open angles on gonioscopy, and absence of 

secondary causes of glaucomatous optic neuropathy. 

POAG patients with a mean IOP without treatment that 

is consistently ≤21 mm Hg on diurnal testing using 

hourly non-contact air-puff tonometry (between 8 am to 

5 pm) are classified as having NTG, whereas those with 

a mean IOP without treatment that is consistently >21 

mm Hg are classified as having high-tension glaucoma 

(HTG). The prevalence of systemic factors, such as 

hypertension, diabetes, ischemic heart disease, asthma, 

hypercholesterolemia was also noted to find the 

systemic factors of PCD. 

 

Inclusion Criteria 

Only those patients who have the records of 

reliable visual fields within one year of initial 

presentation were considered for this study. 

 

Statistical Analysis 

Commercially available Statistical software 

(SPSS version 21) was used for analysis. Age, log VA, 

IOP, CCT, VCDR, MD value, diagnosis and systemic 

co-morbid conditions at the time of diagnosis were 

compared using independent t-test or Mann-Whitney U 

test between PCD and non PCD groups. Gender and 

type of POAG, high tension glaucoma (HTG) or normal 

tension glaucoma (NTG) were compared by using the 

chi-square test or Fisher’s extract test. The relation with 

all the variables and PCD were assessed by regression 

methods. All the outcome variables firstly analyzed by 

univariate logistic regression and significant variables 

were analyzed again by multivariate logistic regression. 

P<0.05 was considered significant. 

 

RESULTS 

Data of nine hundred seventy eight eyes of 978 

patient’s, with a diagnosis of HTG or NTG was 

available at time of the study. Of these, 91 eyes were 

excluded because of low visual field test reliability 

within one year of presentation. Out of 887 reliable 

visual fields, 146 (16.45%) patients presented with PCD 

and 741 (83.54%) patients presented with non-para 

central visual field defects in glaucoma clinic. There 

was no significant difference between 2 groups (PCD 

vs. non PCD) in age (62.05+10.15 yrs. vs. 62.44+9.9 

yrs; P=0.69), male – female ratio (P=0.7), Log VA 

(0.27+10.15 vs. 0.33+0.5; P=0.687), CCT (0.538+0.035 

mm vs. 0.541+0.035 mm; P=0.388) and CD ratio 

(0.79+0.12 vs. 0.78+0.15; P=0.652). Systemic diseases 

like hypertension, diabetes mellitus, 

hypercholestrolemia, asthma, and ischemic heart 

disease were not significantly different between these 

groups (P>0.6). However, PCD group had more NTG 

patients (26.2% vs 13.4%, P<0.001), lower untreated 

presenting IOP (21.77+5.7 vs. 24.80+7.3; P<0.001) and 

less severe MD values (-8.09+4.9 vs. - 13.69+9.6; 

P<0.001) compared with HTG group (Table-1). 

 

Table-2 shows the results of univariate 

regression analysis with PCD as dependent variable. 

Factors significantly associated with PCD were 

diagnosis (Odds = 0.436), IOP (Odds for per unit 

increase = 0.932) and MD values at presentation (Odds 

for per unit increase = 1.09). PCD was not associated 

with age, visual acuity, CCT and CD ratio. 

 

Table-3 shows the results of multivariate 

regression analysis with PCD as dependent variable and 

age, gender, IOP, MD values and diagnosis as 

independent variables. PCD was significantly 

associated with lower presenting IOP (=-0.051, 

p=0.002), NTG ( = -0.672, p=0.001) and lower MD 

values ( = 0.077, p<0.001). 
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Table-1: Demographics and comparisons between para-central defect (PCD) and non-para central defect (Non-

PCD) groups 

 PCD group(n=146) Non PCD group(n=741) P value 

N mean±SD N mean±SD  

Age (years) n=887 146 62.05(+10.15) 741 62.44(+9.9) 0.69 

Male n=596 96 (16.1%) 500 (83.9%) 0.7 

Female n=291 50 (17.2%) 241 (82.8%) 

Log VA n=879 146 .27(+10.15) 733 0.33(+0.5) 0.687 

IOP(mmHg) n=887 146 21.77(+5.7) 741 24.80(+7.3) <0.001 

CCT(mm) n=680 123 0.538(+0.035) 557 0.541(+0.035) 0.388 

VCDR n=886 145 0.79(+0.12) 741 0.78(+0.15) 0.652 

MD value(dB) n=887 146 -8.09(+4.9) 741 -13.69(+9.6) <0.001 

HTG n=673 90 13.4% 583 86.6% <0.001 

NTG n=214 56 26.2% 158 73.8% 

Hypertension n=396 55 13.9% 341 8.6% .069 

 

Diabetes Mellitus n=218 35 16.1% 183 83.9% 0.916 

Hypercholestremia n=177 31 17.5% 146 82.5% 0.734 

Ischemic Heart Disease (IHD) n=50 7 14% 43 86% 0.7 

Asthma n=15  2 13.3% 13 86.7% 1.0 

SD – Standard deviation; Log VA – logmar visual acuity; IOP – intraocular pressure; CCT – central corneal thickness; 

VCDR – vertical cup disc ratio; MD – mean deviation; HTG – high tension glaucoma; NTG – normal tension glaucoma; 

dB= decibel; mm= millimeter. 

 

Table-2: Results of univarite regression model evaluating the factors associated with para-central defect (PCD) 

Factors
*
 Beta OR(95% CI) P value 

Age(yrs.) -0.004 0.996(0.98-1.01) 0.664 

Gender -0.077 0.925(0.64-1.35) 0.685 

Log VA -0.321 0.725(0.46-1.14) 0.164 

IOP(mmHg) -0.071 0.932(0.90-0.96) <0.001 

CCT(mm) -2.97 0.051(0.00-15.36) 0.307 

CD ratio 0.378 1.46(0.414-5.14) 0.557 

MD Value(dB) 0.083 1.09(1.06-1.12) <0.001 

Diagnosis
#
 -0.831 0.436(0.30-0.64) <0.001 

SD – Standard deviation; Log VA – log mar visual acuity; IOP – intraocular pressure; CCT – central corneal thickness; 

VCDR – vertical cup disc ratio; MD – mean deviation; HTG – high tension glaucoma; NTG – normal tension glaucoma; 

dB= decibel; mm= millimeter. 

* At the time of presentation in Glaucoma Clinic; # reference NTG 

 

Table-3: Results of multivariate regression model 

evaluating the factors associated with para-central 

defect (PCD) 

Factors
*
 Beta P value 

Age(years) 0.006 1.006 

Gender 0.150 0.449 

IOP(mmHg) -0.051 0.002 

MD Value(dB) 0.077 <0.001 

Diagnosis
#
 -0.672 0.001 

IOP – Intraocular pressure; MD – mean deviation;  

dB – decibels; 

* At the time of presentation in Glaucoma Clinic;  

# reference NTG 

 

DISCUSSION 
We classified patients with POAG according 

to their pattern of VF loss at presentation and compared 

the associated factors. PCD group had a significant 

lower untreated IOP and initial MD value (less severe 

VF loss) and higher prevalence of NTG. Systemic 

factors like hypertension, diabetes, asthma, 

hypercholestrolemia and ischemic heart disease were 

not associated with PCD in this study. Therefore, our 

results support that the development of PCD may be 

associated with IOP independent factors. By 

considering the structure functional relationship in 

previously reported studies [12-16], it may be presumed 

that, in the early stage of glaucoma, IOP independent 

factors may preferentially damage the neuroretinal rim 

or retinal nerve fiber layer closer to the papilla-macular 

bundle in comparison with elevated IOP. 

 

IOP is one of the most crucial known risk 

factors for glaucomatous damage; glaucoma has been 

divided into NTG and HTG on the basis of untreated 

IOP. Studies on the visual field defects in NTG eyes 

have shown scotoma closure to fixation [5].
 
Few study 

results have shown no difference in para-central visual 

field defects between NTG and HTG patients [6, 7, 17],
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this may be due to smaller sample size to compare the 

para-central defects. Large sample size of our study 

could have substantiated the association of PCD with 

NTG. The association of lower presenting IOP seems 

independently associated with PCD in the multivariate 

regression analysis apart from the association of NTG 

(which is based on a definition of lower IOP) is an 

interesting finding with this it may point to a strong IOP 

independent association for this pattern of defects.  

 

One of the studies comparing parafoveal 

scotoma and nasal step at diagnosis has shown no 

difference in severity of visual field loss [10].
 
There 

was paucity of data to show association of PCD with 

severity of visual field loss. Our study has shown that 

PCD is associated with less severe visual field loss [OR 

1.09(1.06-1.12); p <0.001]. Although the PCD lies 

closer to fixation, this study also showed that at 

presentation PCD did not affect usual acuity of patients 

significantly worse than HTG patients. Future 

prospective studies are needed to know the progression 

of these defects and their role in glaucomatous 

blindness. 

 

Studies have shown CCT is not an influencing 

factor for glaucoma in Chinese population [18, 19].
 
Our 

study found no difference in CCT in PCD and non PCD 

patients. One study has shown more association of 

vascular disease with PCD [10].
 
Our study has shown 

that PCD is not associated with chronic non-vascular 

systemic diseases. To know more relevant associations 

of various factors associated with PCD, we included all 

patterns of VF loss. Majority of the studies on PCD 

have enrolled only mild field defects in comparison, 

while we included all categories of visual field defects 

to provide pragmatic analysis of the associations. 

 

Limitations of the current study include its 

retrospective design. Prevalence of systemic risk factors 

was on the basis of records availability in our glaucoma 

clinic case sheets, which may be limited by reliability 

and accuracy. We did not find sufficient information on 

disc hemorrhage records on initial visit, which could 

have given valuable information regarding a vascular 

pathological process.  

 

CONCLUSION 
PCD in patients with POAG in Singaporean 

Chinese population was associated with NTG, lower 

untreated presenting IOP and less severe visual field 

defects. Chronic systemic diseases like hypertension, 

diabetes and ischemic heart diseases were not 

significantly associated with PCD in our study. Further 

studies are needed to elucidate the relationship between 

PCD and the VF progression in relation to visual 

disability. 
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