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 A B S T R A C T  

Objective: To evaluate the effects of risk factors on progression in 
primary open-angle glaucoma (POAG) and exfoliation glaucoma (XFG).

Materials and methods: The study included 139 patients with POAG 
and XFG followed up at Hacettepe University Faculty of Medicine, 
Department of Ophthalmology, Glaucoma Unit. A number of 
factors were evaluated through a cross-sectional design for all the 
patients, including age, sex, hypertension, diabetes, thyroid disease, 
cardiovascular disease, migraine, alcohol, smoking, family history, 
affected side, lens status, central corneal thickness (CCT), number of 
medications, body mass index (BMI), cup-to-disc (C/D) ratio, intraocular 
pressure (IOP), computerized automated visual field mean deviation 
(MD), and prior surgery.

Results: The patients were divided into two groups, POAG and XFG, and 
further divided into the following two subgroups: progressive and non-
progressive. Of the patients, 75 (53.9%) had POAG, and 64 (46.1%) had 
XFG. In the patients followed up, annual MD change was 0.96 ± 1.5 dB/
year, baseline MD was −5.06 ± 5.61 dB, and IOP was 15.94 ± 1.93 mmHg. 
Potential risk factors for progression in the whole group were evaluated, 
but no significant difference was found between the groups with and 
without progression for all factors. Subgroup analysis revealed that in 
the POAG group, BMI was significantly higher in the non-progressive 
disease subgroup (p=0.01); furthermore, in the XFG group, IOP was 
significantly higher in the progressive disease subgroup (p=0.02). 
According to multiple logistic regression analysis, a 1-unit decrease in 
BMI in the POAG group increased the risk by 1.3 times (p=0.01), and 
smoking in the XFG group resulted in a 6-fold reduction in the risk of 
progression (p=0.04).

Conclusion: Although mean IOP was higher in XFG group, the present 
study found BMI in POAG and smoking in XFG as independent factors 
that reduced progression in our series.

Keywords: primary open-angle glaucoma, exfoliation glaucoma, 
progression, risk factors.
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INTRODUCTION

Glaucoma is a leading cause of irreversible 
blindness and affects more than 60 million people 
worldwide. Although it is a multifactorial disease, 
its etiopathogenesis has not been fully elucidated. 
Intraocular pressure (IOP) is the most important 
identifiable risk factor implicated in the development 
and progression of the disease, and a decrease in 
IOP does not definitively prevent progression [1]. 
Progression may also occur in patients with low IOP. 
Primary open-angle glaucoma (POAG) is the most 
common type of glaucoma and occurs without any 
underlying trauma, inflammation, or secondary 
eye disease. Main risk factors are high IOP, age, 
race, and family history [2]. Exfoliation Syndrome 
(XFS) is an important ocular manifestation of a 
systemic disease and is the most common cause 
of secondary open-angle glaucoma [3,4]. In these 
patients, mean IOP is higher, and glaucomatous 
optic neuropathy and coronary artery disease are 
more relatively common [3,4]. Compared to POAG, 
it progresses more rapidly and requires a more 
aggressive treatment. There are inconsistent results 
regarding the risk factors affecting the progression 
of glaucoma in the literature. The aim of this study 
was to evaluate the effect of potential risk factors on 
progression in patients with POAG and Exfoliation 
Glaucoma (XFG).

MATERIALS AND METHODS

We included 139 patients with POAG and XFG 
followed between January 2013 and March 2017 
at Hacettepe University Faculty of Medicine, 
Department of Ophthalmology, Glaucoma Unit. 
Ethics committee approval for the study was 
obtained from Hacettepe University Non-Invasive 
Clinical Research Ethics Committee, approval no 
GO 17/389 of 16.05.2017. This study was conducted 
in accordance with the tenets of the Declaration 
of Helsinki. Medical records of patients who were 
followed regularly for the last 3 years for POAG 
and XFG and who underwent at least 5 visual field 
tests were screened to extract and record systemic 
findings, diseases, ocular findings, and diagnostic 
test results. Height and weight measurements were 
performed using a digital measuring device (Seca 
767+220, Seca GmbH, Hamburg, Germany) during 
patient visits for glaucoma. These parameters were 
compared in groups with and without progression 

based on and regardless of the type of glaucoma. 
Patients were included in the study if they had a 
regular follow-up of at least 3 years with a diagnosis 
of POAG or XFG, and they were excluded if they had 
an eye disease such as uveitis, scleritis, herpetic 
eye disease, and diabetic retinopathy. Reliable 
visual field test criteria were a false positive and 
negative rate and fixation loss of <30% and <20%, 
respectively [5,6]. Glaucoma staging was performed 
using Hodapp-Parrish-Anderson criteria based on 
visual field loss [7].

Visual acuity, cup/disc (C/D) ratio and CCT were 
evaluated based on data from 3 years ago; IOP and 
number of medications were evaluated based on 
mean numbers. Smoking was considered positive 
if patients smoked at least 1 cigarette per day 
for 1 year. Cardiovascular diseases considered 
for evaluation included hypercholesterolemia, 
hypertriglyceridemia, ischemic and valvular heart 
disease, transient ischemic attack, arrhythmia, heart 
failure, and peripheral vascular, cerebrovascular, 
and thromboembolic diseases. Furthermore, 
we recorded whether the patients used alcohol 
regularly for the last 1 year or longer. The patients 
were based on progressive and non-progressive 
disease in the whole group (Table 1), as well as in 
the POAG (Table 2), and XFG (Table 3) group. The 
criterion for progression was a change in MD value 
by ≥1 dB/year. The worse eye of the patients (the eye 
more affected by glaucoma) was used in evaluation. 
Visual field values were obtained from the standard 
automated perimeter (Humphrey Field Analyzer 2, 
Carl Zeiss Meditec, Jena, Germany). The visual field 
test administered to all patients was the 24-2 SITA 
Standard method.

All statistical analyses were performed on IBM 
SPSS Statistics 23.0 program. The Kolmogorov–
Smirnov test was used to check whether the 
numerical variables were normally distributed 
or not. Descriptive statistics were given in mean 
and standard deviation for normally distributed 
variables, and in median (minimum–maximum) 
values for non-normally distributed variables. Two 
sets of numerical data were compared using the 
t-test of significance for the difference between the 
two means for normally distributed variables, the 
Mann–Whitney U test for non-normally distributed 
variables, and the Chi-square test (Pearson, Yates 
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corrected) or Fisher exact test for comparing 
categorical variables.

Multiple logistic regression analysis was performed 
to examine the effects of independent variables 
such as age, sex, hypertension, diabetes, thyroid 
disease, cardiovascular disease, migraine, alcohol, 
smoking, family history, affected side, lens status, 
number of medications, body mass index (BMI), and 
IOP on the risk of progression. Backward stepwise 
(Wald) method was used to remove non-significant 
terms from the model. Odds ratios and confidence 
intervals were calculated as a result of the analysis. 
Statistical significance was set at P<0.05.

RESULTS

The mean age of the 139 patients included in the 
study was 68.84 ± 10.6 years (37–92 years). 67 (48.2%) 
of the patients were male and 72 (51.8%) were 
female. Risk factors were evaluated comparatively 
for the progressive and non-progressive disease 
groups regardless of the glaucoma type, and 
for the progressive and non-progressive disease 
subgroups in the POAG and XFG groups. A total 
of 31 patients (41.3%) in the POAG group and 33 
patients (51.5%) in the XFG group had progressive 
disease. Statistical analyses were performed on 
the eyes of patients with progressive disease. 
The whole group assessment found a median 
(minimum–maximum) value of −0.76 (−7.12–4.97) 
dB for annual MD change, a mean (±SD) value of 
−5.06 ± 5.6 dB for baseline MD, and a mean (±SD) 
value of 15.94 ± 1.9 mmHg for IOP. According to 
the Hodapp-Parrish-Anderson Classification, 105 
patients were in Stage 1, 18 patients in Stage 2, 8 
patients in Stage 3 and 8 patients in Stage 4 [7].

In patients with XFG, the median (minimum–
maximum) value for mean IOP was 16 (10–19) in the 
progressive disease group and 16 (13–18) in the non-
progressive disease group (p=0.02). In the POAG 
group, the median (minimum–maximum) value for 
BMI was 25.7 (18.6–30.2) in the progressive disease 
group and 26.7 (21.2–36.9) in the non-progressive 
disease group (p=0.01). According to multiple 
logistic regression analysis, a 1-unit decrease in BMI 
in the POAG group increased the risk by 1.3 times 
(p=0.01), and smoking led to a 6-fold reduction 
in the risk (p=0.04). Other evaluated factors had 
no significant effect on progression in glaucoma. 

Table 1 shows the results for the whole group of 
patients. Table 2 and Table 3 show the results of the 
subgroup analyses for patients with POAG and XFG.

DISCUSSION

In glaucoma, knowledge of systemic and ocular 
risk factors that may affect progression provides a 
significant contribution to designing the treatment 
plan and follow-up of patients. Several have 
investigated glaucomatous progression, and most 
have highlighted MD change as a criterion. The 
authors observed that these studies, essentially 
based on pointwise linear regression analysis, found 
an annual change of 1 dB to have high specificity 
and sensitivity for glaucomatous progression 
regardless of the stage of the disease, and they 
evaluated progression on the basis of these studies 
[8,9].

In the present study, we found that mean IOP 
in the XFG group was higher in the progressive 
disease group; BMI in POAG and smoking in XFG 
emerged as independent risk factors with negative 
relationship with glaucomatous progression. Some 
studies in the literature investigating risk factors 
have reported that IOP affects progression, as 
observed in our study. Leske et al. showed that a 
10%–19% decrease in IOP was effective in slowing 
down progression [10]. Another study with 557 
patients with POAG and XFG reported that mean 
IOP and more intensive treatment were associated 
with progression [11]. In a study with 167 patients 
with XFG, Konstas et al. showed mean IOP to be 
associated with progression, with a progression 
rate of 28% for ≤17 mmHg, 43% for 18–19 mmHg, 
and 70% for ≥20 mmHg [12]. A study by Hollo et al. 
with 134 patients with XFG reported progression at 
a rate of 40% at ≤17 mmHg, and 70% at >17 mmHg 
[2]. Another study by Hollo et al. with 201 patients 
with XFG showed progression to occur at a rate of 
33% for ≤13 mmHg, 54% for 14–21 mmHg, and 
84% for ≥22 mmHg [13]. Our study concluded that 
mean IOP in the XFG group was significantly higher 
in the progressive disease group, but evaluation for 
both the POAG and the whole group revealed no 
significant intergroup differences in terms of mean 
IOP.

Many studies in the literature mentioned the 
protective effect of increased BMI in POAG and 
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suggested various mechanisms to explain this 
[14-19]. In a large-series study involving 787777 
women and 41352 men, Pasquale et al. evaluated 
the association between anthropometric 
measurements and the incidence of POAG, and 
showed higher BMI in women to be associated with 
lower incidence of POAG, but they could not find 
the same association in men [14]. Adipose tissue 
can act as an endocrine organ and secrete paracrine 
factors that can affect the death of retinal ganglion 
cells [20]. One possible mechanism that has been 
suggested is that increased estrogen in circulation 
in people with high BMI binds to receptors in 
retinal ganglion cells and exerts a protective effect 
[21]. However, the Singapore Eye Study showed 
low BMI to be associated with a large vertical C/D 
ratio in men [22]. The Barbados Eye Study found 
higher BMI in men and women to have protective 
effects against the risk of POAG, and suggested this 

might be due to genetic differences in people with 
higher BMI [23]. Gasser et al. found that people 
with lower BMI had an increased predisposition 
to developing glaucoma [24]. Similarly, Zheng 
et al. and Xu et al. reported that people with a 
predisposition to glaucoma were tall people with 
low BMI [15,16]. Springelkamp et al. showed that 
tall, thin, and low-BMI people had a greater C/D 
ratio and a smaller neuroretinal rim area, and in 
parallel with other studies, they showed increased 
BMI to be a protective factor for POAG [17]. Trans-
lamina cribrosa pressure results from the difference 
between IOP and cerebrospinal fluid (CSF) pressure, 
and its increase is associated with glaucomatous 
nerve damage in the optic disc [18]. Since BMI is 
correlated with CSF pressure, low CSF pressure 
and low BMI are thought to be involved in the 
pathogenesis of glaucomatous optic neuropathy 
[18,19]. In parallel with this information, two 

Table 1. Comparison of risk factors for the whole group

Non-progressive (n=75) Progressive (n=64) p value

Mean Age (±SD) 66.7 ± 10.9 70.4 ± 10 0.40

Mean CCT (±SD) 540.7 ± 43.2 529.6 ± 35.7 0.10

Sex

Male 34 (%45.3) 33 (%51.5) 0.46

Female 41 (%54.6) 31 (%48.5)

Hypertension 43 (%57.3) 37 (%57.8) 0.95

Diabetes 25 (%33.3) 15 (%23.4) 0.27

Thyroid disease  12 (%16)  6 (%9.37) 0.36

Cardiovascular disease 24 (%32) 24 (%37.5) 0.61

Migraine 5 (%6.66) 2 (%3.1) 0.40

Alcohol consumption 10 (%13.3) 6 (%9.3) 0.64

Smoking 16 (%21.3) 10 (%15.6) 0.52

Positive family history 24 (%32) 18 (%28.1) 0.75

Affected side

Unilateral 10 (%13.3) 11 (%17.1) 0.69

Bilateral 65 (%86.7) 53 (%82.9)

Lens

Phakic Patient 58 (%77.3) 41 (%64) 0.12

Pseudophakic Patient 17 (%22.7) 23 (%36)

Number of Medications (median-min-max) 1.0 (0-4) 2.0 (0-4) 0.06

BMI (median-min-max) 25.8 (20.3-40) 25.8 (18.3-33.5) 0.5

C/D ratio (median-min-max) 0.4 (0.2-0.8) 0.5 (0.2-1) 0.36

Mean IOP (median-min-max) mmHg 16 (13-18) 16 (10-25) 0.65

History of surgery

Cataract extraction 15 (%20) 17 (%26.5) 0.17

Trabeculectomy 6 (%8) 8 (%12.5)

No surgery 52 (%69.3) 33 (%51.5)

Cataract extraction and trabeculectomy 2 (%2.66) 6 (%9.3)
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studies by Berdahl et al. showed that CSF pressure 
was lower in patients with POAG compared to the 
control group, and stated that low CSF pressure 
may have the same effect as increased IOP in the 
development of glaucoma [25,26]. Although there 
is no data in the literature evaluating progression 
in connection with BMI in POAG and XFG patients; 
our study showed that low BMI was associated 
with progression of glaucoma in patients with 
POAG, but could not demonstrate the same 
association in patients with XFG, which might be 
attributable to the different mechanisms involved 
in the development of the two glaucoma subtypes. 
New research supports the hypothesis of presence 
of a paravascular pathway in the eye, similar to 
the recently discovered “glymphatic system” of 
the brain, a functional waste clearance pathway 
that promotes the removal of solutes, including 
amyloid-β, from the brain through paravascular 

channels. This discovery has provided a different 
and strong insight into the pathophysiology of 
the disease [27]. Amyloid-β increases with chronic 
elevation in IOP in animals with experimentally 
induced ocular hypertension and causes the death 
of retinal ganglion cells [28]. Lower CSF pressure 
and increased trans-lamina cribrosa pressure 
gradient lead to restriction in normal glymphatic 
flow at the level of lamina cribrosa, possibly 
resulting in accumulation of toxic substances such 
as amyloid-β. These mechanisms strongly support 
the association between low BMI and progression 
in POAG.

Vascular factors are thought to be involved in the 
pathogenesis of glaucoma owing to changes in 
blood flow in the optic nerve head. Although some 
studies have shown that smoking is associated with 
the development of glaucoma,[29] other studies 

Table 2. Comparison of risk factors in the Primary Open-Angle Glaucoma group

Non-progressive (n=44) Progressive (n=31) p value

Mean Age (±SD) 63.43 ± 11.44 67.29 ± 10.78 0.14

Mean CCT (±SD) 549.75 ± 43.60 533.54 ± 33.19 0.86

Sex

Male 19 (%43.1) 11 (%35.4) 0.66

Female 25 (%56.9) 20 (%64.6)

Hypertension 24 (%54.5) 16 (%51.6) 0.98

Diabetes 13 (%29.5) 7 (%22.5) 0.68

Thyroid disease 8 (%18.1) 4 (%12.9) 0.75

Cardiovascular disease 15 (%34) 11 (%35.4) 0.83

Migraine 4 (%9) 2 (%6.5) 0.51

Alcohol consumption 5 (%11.3) 1 (%3.2) 0.39

Smoking 5 (%11.3) 1 (%3.2) 0.39

Positive family history 19 (%43.1) 13 (%41.9) 0.89

Affected side

Unilateral 5 (%11.3) 4 (%12.9) 0.87

Bilateral 39 (%88.7) 27 (%87.1)

Lens

Phakic Patient 34 (%77.2) 21 (%67.7) 0.51

Pseudophakic Patient 10 (%22.8) 10 (%32.3)

Number of Medications (median-min-max) 1 (0-2) 1 (0-4) 0.41

BMI (median-min-max) 26.7 (21.2-36.9) 25.7 (18.6-30.2) 0.01*

C/D ratio (median-min-max) 0.4 (0.2-0.8) 0.5 (0.2-1) 0.35

Mean IOP (median-min-max) 16 (13-18) 16 (12–25) 0.13

History of surgery

Cataract extraction 10 (%22.7) 7 (%22.5) 0.13

Trabeculectomy 2 (%4.5) 3 (%9.6)

No surgery 32 (%72.7) 18 (%58)

Cataract extraction and trabeculectomy 0 (%0) 3 (%9.6)
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have found no association [30,31]. Furthermore, 
association between smoking and progression in 
glaucoma is controversial in the literature, and data 
are scarce on this issue. Asaoka et al. argued that 
there is a positive correlation between smoking and 
progression in glaucoma in patients with POAG, 
and showed that visual field damage in smoking 
patients with POAG was more pronounced in the 
lower quadrant, similar to non-arteritic anterior 
ischemic optic neuropathy [32]. Chiotoroiu et 
al. reported that glaucoma progressed faster in 
smokers, without specifying which type of glaucoma 
patients were included in the study [33]. However, 
the newly published UK Glaucoma Treatment 
study showed that glaucomatous damage in the 
visual field decreased with active or previous 
smoking in patients with POAG and XFG [34]. This 
is possibly the first study that included patients 
with XFG and evaluated glaucomatous progression 

in connection with smoking, and its results are 
in line with our study [34] The UK Prospective 
Diabetes Study demonstrated that smokers have a 
lower incidence of retinopathy and a lower risk of 
retinopathy progression compared to non-smokers 
[35]. The researchers in that study emphasized that 
the strength of the association alone was unlikely 
to be a coincidence, and that nicotine itself or one 
of the many other active compounds found in 
tobacco smoke may have an independent effect. 
Hollo, however, reported that smoking did not 
have an acute effect on peripapillary and macular 
vessel density in middle-aged smokers [36]. These 
data are supported by the Nurses’ Health Study 
and the Health Professionals Follow-up Study that 
found an inverse correlation between pack-year 
and incidence of glaucoma, in line with our findings 
[37]. Unadjusted analysis in the National Health and 
Nutrition Examination Survey reported that current 

Table 3. Comparison of risk factors in the Exfoliation Glaucoma group

Non-progressive (n=31) Progressive (n=33) p value

Mean Age (±SD) 71.3 ± 8.4 71.3 ± 8.4 0.33

Mean CCT (±SD) 528 ± 40 528 ± 40 0.83

Sex

Male 15 (%48.3) 15 (%48.3) 0.22

Female 16 (%51.7) 16 (%51.7)

Hypertension 19 (%61.2) 19 (%61.2) 0.94

Diabetes 12 (%38.7) 12 (%38.7) 0.32

Thyroid disease 4 (%12.9) 4 (%12.9) 0.66

Cardiovascular disease 9 (%29) 9 (%29) 0.54

Migraine 1 (%3.2) 1 (%3.2) 0.48

Alcohol consumption 5 (%16.1) 5 (%16.1) 0.81

Smoking 5 (%16.1) 5 (%16.1) 0.81

Positive family history 5 (%16.1) 5 (%16.1) 0.81

Affected side

Unilateral 5 (%16.1) 5 (%16.1) 0.84

Bilateral 26 (%83.9) 26 (%83.9)

Lens

Phakic Patient 24 (%77.4) 24 (%77.4) 0.23

Pseudophakic Patient 7 (%22.6) 7 (%22.6)

Number of Medications (median-min-max) 1 (0-3) 1 (0-3) 0.12

BMI (median-min-max) 25.3 (20.3-40.0) 25.3 (20.3-40.0) 0.22

C/D ratio (median-min-max) 0.5 (0.3-0.8) 0.5 (0.3-0.8) 0.06

Mean IOP (median-min-max) 16 (13-18) 16 (13-18) 0.02*

History of surgery

Cataract extraction 5 (%16.1) 5 (%16.1) 0.73

Trabeculectomy 4 (%12.9) 4 (%12.9)

No surgery 20 (%64.5) 20 (%64.5)

Cataract extraction and trabeculectomy 2 (%6.4) 2 (%6.4)
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smokers had a lower odds of glaucoma compared to 
non-smokers and ex-smokers, but this association 
lost statistical significance in the adjusted models 
[38]. The authors hypothesized that the possible 
protective effects of smoking could be negated 
by heavy smoking [38]. In addition, there appears 
to be an inverse dose-response relationship 
between Parkinson’s disease and smoking, which 
is supported by meta-analyses [39]. The protective 
effect of smoking on neurodegenerative diseases 
including glaucoma should not be underestimated. 
Despite the known adverse effects of smoking or 
nicotine on ocular circulation and tissues, nicotine 
is also thought to have protective mechanisms on 
the blood supply of the optic nerve. Nicotine may 
cause the release of nitric oxide from perivascular 
nitric oxide (NO)-dependent nitrergic neurons, 
leading to vasodilation [40] A case-control study 
based on data from the Nurses’ Health Study and 
the Health Professionals Follow-Up Study showed 
that smoking has an effect on glaucoma associated 
with nitric oxide synthase 3 (NOS3) gene variations 
[41]. Although XFG is known to be associated with 
molecules that affect NO-dependent pathways such 
as sirtuin, apelin and asymmetric diarginine,[42,43] 
smoking, which increases NO production, can 
be expected to affect the progression in XFG. If 
the inverse correlation between smoking and 
XFG is to be confirmed, further research into the 
mechanisms involved could provide a better 
understanding of the disease and ultimately 
help us identify treatment targets. Although the 
protective effect of not smoking is consistent with 
some epidemiological evidence for glaucoma and 
other types of neurodegeneration, the evidence is 
mixed and complex. Therefore, additional research 
could help clarify associations.

Cataract surgery in eyes with POAG and XFG is 
known to cause significant changes in anterior 
segment parameters such as IOP, CCT, anterior 
chamber depth, and number of endothelial cells 
[44,45] The effects of these factors on progression in 
patients with POAG and XFG have been evaluated in 
numerous studies in the literature [1,2,10,13,32,46]. 
Our study found no significant difference between 
the groups in terms of age, sex, hypertension, 
diabetes, thyroid disease, cardiovascular disease, 
migraine, alcohol use, family history, affected 
side, CCT, number of medications, and previous 
surgery. In a study with 134 patients with XFG, 
Hollo et al. achieved results similar to those in our 

study and found no significant difference between 
the groups with progressive and non-progressive 
disease in terms of cardiovascular disease, HT, 
diabetes, age, and sex [2]. In that study, progression 
was determined based on clinician’s evaluation 
rather than on quantitative values (thinning of the 
neuroretinal rim, glaucomatous visual field loss, 
total cupping, diffuse visual field loss, decrease 
in best-corrected visual acuity) [2]. In the Early 
Manifest Glaucoma Trial, however, examination of 
126 patients with open-angle glaucoma found that 
age, bilateral disease, exfoliation, cardiovascular 
disease, and IOP were risk factors for progression, 
and thinning of CCT caused increased risk of 
progression in patients with high IOP [10]. However, 
CCT has been found to have no significant effect in 
the previously published Early Manifest Glaucoma 
Trial [1] This has been thought to be related to 
the small number of patients with progressive 
disease included in the former study [1]. In the 
Early Manifest Glaucoma Trials, all cases of open-
angle glaucoma were evaluated in the same group, 
and the presence of exfoliation was considered as 
a parameter. In both of these studies, age of >68 
years was considered a risk factor for progression 
[1,10]. In the study by Konstas et al. with 167 
patients with XFG, however, multivariate analysis 
revealed that C/D ratio at the time of diagnosis, 
number of trabeculectomies and mean IOP were 
correlated with progression [12]. In that study, 
similar to the aforementioned study by Hollo et 
al.,[2]. progression was evaluated based on clinical 
criteria. The study by Asaoka et al. investigated the 
effects of age, mean IOP, HT, migraine, presence 
of family history, and smoking on progression in 
glaucoma, and found that only age and smoking 
had an effect on progression [32]. Another study by 
Hollo et al. showed that age, sex, visual acuity, and 
presence of cardiovascular disease had no effect on 
progression, which is in line with our study [13].

The most important limitation of our study is the 
limited number of patients included in this study 
and the retrospectively design of evaluation. 
Adequate data could not be extracted from the 
records about presence of disc hemorrhage and 
detailed smoking history consisting of the number 
of cigarettes smoked per day or information as 
to whether patients smoked regularly during the 
evaluation period. Refractive errors and differences 
in axial length can affect the visual field, but these 
parameters could not be evaluated owing to the 
lack of fully adequate data in the records.
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In conclusion, our study determined that mean 
IOP in the XFG group was higher in the progressive 
disease group. It also found BMI in POAG and 
smoking in XFG as independent factors with a 
protective effect on progression of glaucoma. 
Different parameters have been used in studies as 
criteria for progression, and different results have 
been achieved in terms of risk factors affecting 
progression. This difference in results might have 
been caused by factors such as genetics, population 
included in the study, differences in follow-up, 
and differences in drug compliance; these factors 
should be evaluated more extensively in larger 
series.
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