
Romanian Journal of Ophthalmology, Volume 60, Issue 3, July-September 2016. pp:174-180 
 

GENERAL ARTICLE 
 

 
174 Romanian Society of Ophthalmology 

© 2016  

 
 

Risk factors and long term progression in open  
angle glaucoma patients 

 
Pantalon Anca Delia, Feraru Crenguţa, Chiseliţă Dorin  
 “Gr. T. Popa” University of Medicine and Pharmacy, Faculty of Medicine, Iași, Romania; Department of 
Ophthalmology, “Sf. Spiridon” University Hospital, Iași, Romania 
 
Correspondence to: Anca Delia Pantalon, MD, PhD, FEBO 
Department of Ophthalmology, “Sf. Spiridon” University Hospital, Iaşi 
1 Independenței Square, code: 700115, Iaşi, Romania 
Mobile phone: +40 740 686 865, E-mail: anca_pantalon@yahoo.com 

 
Accepted: July 19, 2016 

 
 

Abstract 
Aim: Investigation of perimetric progression rate and associated risk factors in open 
angle glaucoma, in clinical practice. 
Methods: Retrospective study based on clinical charts reviews of patients with primary 
open angle glaucoma (POAG) being followed for > 5 years with >/ = 5 SITA Standard 
visual fields. Demographics, visual acuity (VA), central corneal thickness (CCT), 
intraocular pressure (IOP) and IOP variation, treatment (number of medications), visual 
fields and associated systemic pathologies were recorded. Patients were followed at 
every 3-6 months, when identical tests were performed. VF progression rate was 
calculated as slope of mean deviation (MD) over time by Glaucoma Progression Analysis 
software. 
Results: 121 eyes of 121 patients with POAG were included in the study and were 
followed for a mean period of 68.81 months (SD +/ - 31.7). The mean MD at start was -
3.55 dB (SD +/ -5.19)., with a mean number of VF tests of 9.3+/ -2.9. Progression rate 
reached -0.21 +/ -0.1 db/ year. Mean IOP of all visits decreased over time from 18.20 
mmHg to 16.53 mmHg (p<0.05). Systemic factors like positive history of hypertension 
reached statistical relevance in terms of increased risk for glaucoma progression, but 
only after age and sex were corrected. MD slope was explained in ANOVA univariate 
analysis, by the level of MD at baseline, IOP baseline, number of topical medications and 
CCT in a proportion equal to 71.7% (p=0.004). 
Conclusion: Rate of visual field changes in POAG was correlated and dependent on the 
baseline MD level, IOP at baseline, number of topical medications and a thin CCT. 
Keywords: glaucoma progression, risk factors, Glaucoma Progression Analysis 

 
 
 
Introduction 

Glaucoma represents an optic 
neuropathy that can lead to optic nerve 
irreversible damage and blindness. Among 
all glaucoma types, primary open angle 

glaucoma is the most common form and a 
leading cause of visual loss worldwide [1]. 

Treatment might stop or decrease 
progression in glaucoma, but individual 
evolution is variable [2,3]. In consequence, 
visual field changes and progression rates 
differ greatly [2]. 
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Many randomized control trials 
investigated different risk factors in 
glaucoma progression [3]. Based on their 
results, older age, decreased central corneal 
thickness (CCT), pseudo exfoliation, lower 
ocular perfusion pressure, disk hemorrhage, 
baseline visual field (VF) status and optic 
nerve anatomy, were variables associated 
with glaucoma progression. If most reports 
had a very specific study protocol, with strict 
research requirements, there is scarce 
recent data in the literature about glaucoma 
patients seen in a clinical care context [4]. 
Although retrospective, these types of 
studies collected relevant information for 
the clinical practice [5].  

The aim of our study was to assess the 
progression rate and risk factors in primary 
open angle glaucoma, on a clinical care basis. 

Materials and Methods 

The study was a retrospective review of 
patient charts. 

We studied records of patients with a 
diagnosis of primary angle glaucoma (POAG) 
followed in our Glaucoma Unit at “Sf. 
Spiridon” University Hospital, Iaşi, Romania, 
between January 2002 and September 2015. 
Our study was performed while respecting 
the Declaration of Helsinki. The Ethical 
Review Board of “Gr. T. Popa” University of 
Medicine and Pharmacy approved the study 
and each patient signed an informed 
consent.  

Records were selected only for the 
patients followed for more than 5 years 
during the study period. POAG was defined 
in the presence of open anterior chamber 
angle on gonioscopy, glaucomatous optic 
disc damage on clinical examination (focal or 
diffuse neuroretinal rim thinning, localized 
notching, or nerve fiber layer defect) and 
corresponding visual field (VF) defects. 
Glaucoma severity was graded according to 
Hodapp criteria [6]. 

VF changes for glaucoma were defined 
in Standard Automated Perimetry (24-2 
SITA Standard SAP, Humphrey Field 

Analyzer II, Carl Zeiss Meditec Inc., Dublin, 
CA, USA) if at least two of the three 
Anderson’s criteria were fulfilled (three or 
more non-edged points in a cluster 
depressed to P<5%, one of which depressed 
to P<1%, Glaucoma Hemifield Test outside 
normal limits and pattern standard deviation 
depressed to P<5%). Reliability of tests was 
assessed. Tests with fixation losses, false-
positive or false-negative rates >20% were 
considered unreliable and were excluded 
from the analysis. A minimum number of 5 
VF tests were required for each patient in 
our study. 

All reliable VF tests were analyzed for 
progression by Glaucoma Progression 
Analysis (GPA) software, which provided 
both an event-based and a trend-based 
progression analysis. Both analyses took the 
first two reliable VF tests as baseline 
landmark. 

For the purpose of this study, 
progression was quantitatively assessed by 
linear regression (Trend) analysis of the 
mean deviation (MD) changes over time; 
slopes of progression (decibels/ year) based 
on threshold maps and its level of 
significance (p-values) were calculated. 

During the study, the patients were 
followed at every 3-6 months, when identical 
tests were performed. We excluded patients 
with significant lens opacities, ocular 
comorbidities, refractive errors >5D 
spherical and >3D cylinder. 

If both eyes were eligible, only one was 
chosen based on the worse MD level at 
baseline. At baseline, clinical parameters 
such as age, gender, best corrected visual 
acuity (BCVA) by ETDRS chart, intraocular 
pressure (IOP) by Goldmann tonometer, 
central corneal thickness (CCT) by ultrasonic 
pachymetry (DGH-550, DGH Technology Inc., 
Exton, PA, USA) C/ D ratio (Volk 78D lens), 
number of topical medications, VF test 
parameters, were collected from the charts 
and included in our study. Also systemic 
pathologies were checked and noted with 
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“yes” or “no” if present in the charts 
(diabetes, arterial hypertension, 
cardiovascular diseases). At each follow up 
visit, VA, IOP and VF tests were repeated. 
Most of the patients required topical 
therapy, but no surgical intervention (laser 
or incisional procedure-trabeculectomy) was 
performed during the follow up period. 
During monitoring, treatment was modified 
if the IOP was not efficiently controlled. The 
IOP level was individually set, according to 
the glaucoma severity, risk factors, and life 
span. Intermediary IOP was calculated by 
averaging all the IOPs taken during the 
follow up interval. We also calculated the 
IOP fluctuation based on the standard 
deviation of intermediary IOP.  

Statistical analysis 

The data was processed by using the 
SPSS 18.0 statistical software (SPSS Inc. 
Chicago, IL, USA). Descriptive analysis was 
used on demographics; follow up time MD, 
PSD, and IOP. We also calculated the mean 
number of VFs/ patient. Progression rate 
(MD slope) was calculated by linear 
regression analysis of MD values over time 
and expressed in dB/ year.  

Independent samples t tests were used 
for comparisons of continuous variables 
between groups. Wilcoxon test was used to 
compare paired groups (baseline and final 
parameters). The association between 
various risk factors and glaucoma 
progression was tested by using Pearson 
Square Chi test. Pearson’s correlation 
coefficients (r) were calculated to assess the 
relationship between age, BCVA, MD, PSD, 
IOP, number of medications, IOP fluctuation, 
CCT, and MD slope. Statistical significance 
was defined at the p <0.05 level. A logistic 
regression was used to evaluate the effect of 
each parameter on the progression outcome. 
Each parameter was tested independently in 
a univariate model and then retested after 
sex adjustment. Analysis of variance (one 

way ANOVA) was used for comparisons of 
continuous variables and for building a 
model of prediction in the visual field decline 
rate.  

Results 

We included in our study 121 eyes from 
121 patients with open angle glaucoma. 
Mean age was 61.29 ± 9.48 years, 30 males 
and 91 females (sex ratio =1: 3). Spherical 
equivalent (D) was +0.70 ± 1.5. Our follow 
up period, calculated in months, was 68.81 ± 
31.7. All patients were followed with a mean 
number of VF/ eye = 9.3 ± 2. 

Mean central corneal thickness (CCT) in 
the study was 536 ± 41 μm. 

Baseline parameters (visual acuity – VA, 
intra ocular pressure – IOP, visual field 
parameters (MD, PSD) are listed in Table 1. 
A significant dynamic was relevant in all 
measurements (p<0.05) except for PSD 
values (p>0.05), when baseline was 
compared to final levels. Systemic risk 
factors for our study revealed a high 
percentage of hypertensive patients 
(59.8%), 21.4% had positive cardiovascular 
history and 12% had diabetes mellitus. 

 
Table 1. Comparison of baseline vs. final parameters 

Parameter  Baseline Final p (t test) 

VA 
(ETDRS)  

0.93 ± 0.14 0.88 ± 0.19 p = 0.01 

IOP 
(mmHg)  

18.20 ±3.77 16.53 ± 2.65 p = 0.000 

MD (dB)  -3.55 ± 5.19 - 4.87 ± 6.37 p = 0.000 

PSD (dB)  3.54 ± 2.80 3.84 ± 3.18 p = 0.44 

 
IOP variations are shown in the scheme 

below (Fig. 1,2). At baseline, the mean IOP was 
18.20 +/ -3.77 mmHg and decreased significantly 
during the study. Intermediary IOP was 16.70 +/ 
-2.53 mmHg, with a significant difference from 
baseline (p=0.000); final IOP was significantly 
reduced compared to baseline (16.53 +/ -2.65 
mmHg), but no significant “p” could be attributed 
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when we compared intermediary IOP vs. final 
IOP. All this IOP reduction was possible under a 
mean number of 2.01 +/ -1.01 topical 
substances. Fluctuation of the IOP, calculated 
based on the standard deviation of intermediary 
IOP, was 1.86 +/ -4.62 mmHg. 

 

 
 
 
 
 

 
 
 
 
 

The visual field decline (MD slope) 
calculated in our study was -0.21+/ - 0.78 db/ 
year. Distribution of values showed a Gaussian 
type of curve (Fig. 3); dispersion is presented in 
Fig. 4. As expected, we found positive strong 
correlations between baseline MD/ final MD, 
baseline PSD/ final PSD. Strong negative 
correlations were detected between the 
generalized reduction of retinal sensitivity at 
baseline (MD) and focalized visual field defects 
at baseline (PSD). Final MD/ PSD showed similar 
high negative correlations. In our study, when 
the MD slope correlations related to VF 
parameters were assessed, we found positive 
high relations with MD at baseline and PSD at 
baseline. Moreover, the statistical analysis 
proved a major influence of both parameters 

over each other (coefficient of determination 
more than 90%). Based on these findings for our 
future analysis (predictions) we took into 
account only the MD baseline value. 
 
Table 2. Correlations between VF parameters 

VF 
parameters 
correlations 

“r”coefficient p<0.05 

MD baseline/ 
MD final 

0.620 p = 0.000 

PSD baseline/ 
PSD final 

0.690 p = 0.000 

MD/ PSD 
baseline 

- 0.818 p = 0.000 

MD/ PSD final - 0.695 p = 0.000 

 

 
 
 
 
 

 
 
 
 
 

Fig. 1 Mean IOP baseline vs. intermediary vs. final 

Fig. 2 IOP variations during the study 
 Fig. 3 MD slope histogram 

Fig. 4 Normal distribution of MD values in our 
POAG patients 
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Other calculated correlations for the MD 
slope and different parameters showed that 
males were more prone to a VF decay than 
women (r=0.194, p=0.04). Yet, the T test showed 
no statistical difference between sexes when 
progression rate was analyzed. There was a 
negative correlation with the MD slope for the 
IOP level at baseline. Clinically this proved that 
the higher the IOP at baseline was, the more 
progression we detected in POAG patients (r=-
147, p=0.02). Moreover, the number of topical 
medications was negatively correlated with the 
MD slope (r=-198, p=0.03). Practically, this 
finding meant that progression in glaucoma in 
our group was connected to the intensity of 
treatment. In addition, the higher the IOP at 
baseline was, the more aggressive we treated the 
patient to reach the “target pressure”, 
individually. We remind at this point that 
authors changed the medication of patients 
whenever they considered the optimum IOP was 
not achieved. Probably this represents the 
explanation for the fact that IOP fluctuation did 
not correlate with the MD slope at all (r=-0.100, 
p=0.25), since changes were made all the way on 
the study, allowing small variations in IOP that 
did not impact the progression rate overall. Still, 

the IOP fluctuation was correlated with the 
initial IOP level (r=0.820, p=0.001). No other 
parameters in this study were correlated with 
the IOP fluctuation. As previously mentioned, the 
number of topical medications was correlated 
with the initial IOP level (r=259, p=0.005), with 
baseline PSD (r=180, p=0.04) and MD slope. 

In our study, the thinner cornea was 
correlated with the MD slope (r=-0.189, 
p=0.032). 

Systemic factors analysis showed that they 
did not correlate with the VF decline. Age 
correction did not influence the results, whereas 
hypertension influenced the progression rate 
only after sex correction was taken into account. 
Thus, hypertensive males progress faster than 
non-hypertensive males (-0.56 db/ year vs. -0.28 
db/ year, p=0.05). 

Based on these correlations, we could 
calculate a predictive univariate model (ANOVA) 
to assess which factors affect more the visual 
field decay in our study patients. Results are 
summarized in Table 3. For this study, the 
baseline parameters (MD, IOP) alltogether with 
the number of topical substances and a thin 
cornea seemed to predict the visual field decay 
in a large proportion (71.7%). 

 
Table 3. ANOVA – Model Summary 

 
 

Discussions 

The progression rate and risk factors are 
among the most important aspects in glaucoma 

care, because of their impact upon visual decay. 
Although several guidelines for glaucoma 
management recommended the assessment of 
progression rate in routine care [6], information 



Romanian Journal of Ophthalmology 2016;60(3): 174-180 
 

 
179 

Romanian Society of Ophthalmology 
© 2016 

was scarce until recently [7,8]. Based on these 
studies, older age, baseline IOP, decreased CCT, 
pseudoexfoliation, baseline VF status or systemic 
diseases (hypertension, diabetes, cardiovascular 
events) were risk factors associated with the VF 
progression [8]. 

Our study tried to prove that on clinical 
care grounds, progression in open angle 
glaucoma and its risk factors might be different 
than in standard clinical trials possibly due to 
standardized inclusion/ exclusion criteria, strict 
treatment plans, clear visit schedule. 

Our patients (121 eyes) with primary open 
angle glaucoma were followed on clinical care 
grounds. Overall, in our study, the visual field 
declined at a rate of -0.21 dB/ year. This is much 
lower than the other reported results, no matter 
if randomized control trials or clinical care 
studies are evaluated [7-11]. Still, the mean age 
of our patients was younger than in all the other 
studies and based on this younger age in our 
study group, we decided to treat the patients 
more aggressively from the start, assuming a 
longer life span.  

There was no standard IOP lowering 
strategy in our study, meaning that each doctor 
involved in the study decided how/ when to 
adjust the IOP according to his own experience, 
until the desired level was reached. No 
additional surgical procedure was recorded in 
any patient along the follow up period, but only 
changes in the topical treatment.  

Our results showed that the visual field 
decay (MD slope) was correlated with baseline 
MD, baseline IOP and number of topical 
substances. In addition, a thin CCT was a risk 
factor in progression in our study. Based on 
these correlations, a univariate analysis allowed 
us to create a model of prediction in POAG 
progression. Thus, all the above-mentioned 
parameters seemed to predict de visual field 
deterioration in a proportion of 71.7%. In this 
aspect, our results were similar to the OHTS [12] 
or EMGT study [3].  

EMGT results showed that, by reducing the 
IOP with 25%, progression occurred later than in 
non-treated patients. This could have also been 
the reason for our patients progressing at such a 
low rate compared to other studies, since 
medication was constantly changed/ added to 
lower the IOP according to the concept of “target 
pressure”. 

Most randomized control trials failed to 
show any association between sex and glaucoma 
progression [3,13,14]. In the OHTS [15], men 
were more likely to convert to glaucoma than 
women. No differences were found in our study 
regarding the progression rates by Wilcoxon test 
(p>0.05).  

A recent meta-analysis presented data on 
systemic hypertension [16], cardiovascular 
diseases [16] and diabetes [17,18] as risk 
factors in glaucoma. A systolic pressure lower 
than 125 mmHg was a risk factor for progression 
in EMGT [3], whereas there was no association 
between systemic hypertension and OAG 
progression in AGIS [17] and CNGTS [19]. 
Recently, a more balanced opinion was offered, 
stating that systemic hypertension had a 
different effect on the development/ progression 
in glaucoma in different age groups [17,18]. 

In our study, after statistical corrections, 
we found that hypertensive males progressed at 
a higher rate than non-hypertensive males. We 
used trend analysis to define and measure 
progression rates (db/ year) in the same manner 
as Nouri-Mahdavi [20] evaluated some of the 
patients in AGIS. We acknowledged that the 
progression rate might not have been linear in 
glaucoma patients, especially for those followed 
on long term, but this approach allowed the 
clinician to evaluate the patient’s behavior when 
a certain treatment was applied. Yet, in our 
study, both the follow up period and the number 
of VF were comparable with other studies 
[21,22], so the calculated MD slope could be 
considered reliable.  

 
Declaration of interest (financial 

disclosure)  
Authors declare none. 

References 

1. Resnikoff  S, Pascolini D, Etya’ale D, Kokur I, 
Pararajasegaram R, Pokharel GP. Global data 
impairment in the year 2002. World Health 
Organization. 2004; 82:844-851. 

2. Zahari M, Mukesh BN, Rait JL, Taylor HR, McCarty CA. 
Progression of visual field loss in open angle glaucoma 
in the Melbourne Visual Impairment Project. Clin 
Experiment Ophthalmol. 2006; 34:20–26.  

3. Leske MC, Heijl A, Hyman L, Bengtsson B, Dong L, Yang 
Z. EMGT Group. Predictors of long-term progression in 



Romanian Journal of Ophthalmology 2016;60(3): 174-180 
 

 
180 Romanian Society of Ophthalmology 

© 2016  

the Early Manifest Glaucoma Trial. Ophthalmology. 
2007; 114(11):1965-1972. 

4. Ahrlich KD, de Moraes CG, Teng CC, Prata TS, Tello C, 
Ritch R, Liebmann JM. Visual field progression 
differences between normal-tension and exfoliative 
high-tension glaucoma. Invest Ophthalmol Vis Sci. 
2010; 51:1458–1463. 

5. European Glaucoma Society. Terminology and 
Guidelines for Glaucoma, 3-rd ed., 2008, Italy, Savona, 
21, 138-141. 

6. Heijl A, Alm A, Bengtsson B, Bergström A, Calissendorff 
B, Lindblom B, Lindén C. Riktlinjer för 
glaukomsjukvården. 2010, Malmö, Sveriges 
Ögonläkarförening, Bäcklunds Media. 

7. De Moraes CG, Juthani VJ, Liebmann JM, Teng CC, Tello 
C, Susanna R, Ritch R. Risk factors for visual field 
progression in treated glaucoma patients. Arch 
Ophthalmol. 2011; 129:562–568. 

8. Forchheimer I, de Moraes CG, Teng CC, Folgar F, Tello 
C, Ritch R, Liebmann JM. Baseline mean deviation and 
rates of visual field change in treated glaucoma 
patients. Eye. 2011; 25:626–632. 

9. Heijl A, Buchholz P, Norrgren G, Bengtsson B. Rates of 
visual field progression in clinical glaucoma care. Acta 
Ophthalmol. 2013; 5(91):406-412. 

10. Chauhan BC, Mikelberg FS, Balaszi AG, Le Blanc RP, 
Lesk MR, Trope GE. Canadian Glaucoma Study - Risk 
factors in the progression of open angle glaucoma. 
Arch Ophthalmol. 2008; 126:1030-1036.  

11. De Moraes CG, Liebmann J, Liebmann CA, Susanna R 
Jr., Tello C, Ritch R. Visual field progression  outcomes 
in glaucoma subtypes. Acta Ophthalmol. 2013; 91:288-
293. 

12. Cioffi GA, Liebmann JM. Translating the OHTS results 
into clnical practice. J. Glaucoma. 2002; 11(5):375-377. 

13. Gordon MO, Beiser JA, Brandt JD et al. The Ocular 
Hypertension Treatment Study: baseline factors that 
predict the onset of primary open-angle glaucoma. 
Arch Ophthalmol. 2002; 120(6):714-720,829-830. 

14. Musch DC, Gillespie BW, Lichter PR, Niziol LM, Janz NK. 
CIGTS Study Investigators. Visual field progression in 
the Collaborative Initial Glaucoma Treatment Study: 
the impact of treatment and other baseline factors. 
Ophthalmology. 2009; 116(2):200-207. 

15. Kass MA, Gordon MO, Kymes SM. Incorporating the 
results of the Ocular Hypertension Treatment Study 
into clinical practice. Arch Ophthalmol. 2005; 
123(7):1021-1022. 

16. Choi J, Kook M. Systemic and ocular risk factors in 
glaucoma. Biomed Research International, 2015, 
Hindawi Publishing Corporation, 1-9. 

17. Advanced Glaucoma Intervention Study. Baseline risk 
factors for sustained loss of visual field and visual 
acuity in patients with advanced glaucoma. Am. J. 
Ophthalmol. 2002; 134:499-512. 

18. Pasquale LR, Kang JH, Manson JE, Willett WC, Rosner 
BA et al. Prospective study of type 2 diabetes mellitus 
and risk of primary open-angle glaucoma in women. 
Ophthalmology. 2006; 113:1081–1086. 

19. Drance S, Anderson DR, Schulzer M. Risk factors for 
progression of visual field abnormalities in normal 
tension glaucoma. Am. J. Ophthalmol. 2001; 131:699-
708. 

20. Nouri-Mahdavi K, Hoffman D, Coleman AL et al. 
Advanced Glaucoma Intervention Study. Predictive 
factors for glaucomatous visual field progression in the 
Advanced Glaucoma Intervention Study. 
Ophthalmology. 2004; 111(9):1627-1635. 

21. Chauhan BC, Mikelberg FS, Artes PH. Canadian 
Glaucoma Study - Impact of risk factors and 
intraocular pressure reduction on the rates of visual 
field change. Arch Ophthalmol. 2010; 128:1249-1255. 

22. Heijl A, Bengtsson B, Hyman L, Leske MC. Natural 
history of open angle glaucoma. Early Manifest 
Glaucoma Trial Group. Ophthalmology. 2009; 
116:2271-2276. 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


