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Abstract

Objectives: The aim of the study was to evaluate the incidence of senile macular degeneration (SMD) in patients with
primary open-angle glaucoma (POAG) and pseudoexfoliation glaucoma (PEG).

Methods: The medical files of 2600 patients with glaucoma were analyzed. In this study, 168 patients (90 females and 78
males) with POAG and PEG were included. Patients diagnosed with POAG and PEG with SMD were also recorded. SMD
was classified in two categories: Wet type and dry type. Lens status was classified as pseudophakic and phakic. Glaucoma
severity was classified according to the Hodapp-Parrish-Anderson criteria. All patients underwent complete ophthalmologic
examinations.

Results: Ninety (53.57%) patients were female, and 78 (46.43%) were male. The mean age was 6318.4 years for women
and 66.517.8 years for men. Sixty-six (73.3%) of women and 60 (76.9%) of men had POAG, 24 (26.7%) of women and
18 (23.1%) of men had PEG. 18 (20.0%) right and 25 (27.8%) left eyes of women and 30 (38.5%) right and 24 (30.8%) left
eyes of men were pseudophakic, 72 (80.0%) right and 65 (72.2%) left eyes of women and 48 (61.5%) right and 54 (69.2%)
left eyes of men were phakic. SMD was observed in 10 patients (5.95%); four women and five men had dry-type SMD,
while one man had wet-type SMD.

Conclusion: In our study, when gender, age, severity of glaucoma, pseudophakic and phakic status of the lens were eval-
uated in patients with the association of glaucoma and SMD, these variables had no statistically significant effect on the
association of glaucoma and SMD.
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Introduction

Glaucoma is a chronic optic neuropathy characterised by pro-
gressive degeneration of retinal ganglion cells, leading to visual
field loss. Primary open-angle glaucoma (POAG) is the most
common type of glaucoma. The etiology of POAG is multifac-
torial, and the exact cause is unknown. Vascular changes lead-
ing to perfusion disorders in the peripapillary region and optic
nerve head are thought to be responsible for the pathogene-
sis of POAG. Risk factors for glaucoma include family history,
ethnicity, advanced age, high intraocular pressure, thin cornea,
high myopia, Type 2 diabetes, hypertension, oxidative stress,
apoptosis, inflammation, and autoimmunity (1-8).

Pseudoexfoliation syndrome (PES) is a critical cause of
glaucoma worldwide. It is an age-related systemic disor-
der caused by the production and accumulation of an ab-
normal fibrillar extracellular substance. It is characterised
by the deposition of small grey-white deposits in the eye,
most commonly at the pupillary margin and on the anterior
capsule of the lens and trabecular meshwork. It often leads
to the development of pseudoexfoliation glaucoma (PEG),
which causes progressive and irreversible visual loss (2,6,7,9).

Senile macular degeneration (SMD) is a progressive degen-
erative eye disease that causes severe and irreversible vision
loss involving the central part of the retina where the macu-
la is located. It is a critical cause of blindness worldwide, af-
fecting 196 million people. By 2040, it is expected to affect
288 million people. SMD is a complex, multifactorial disease.
Risk factors include genetic predisposition, advanced age (265
years), family history, smoking, hyperlipidemia, hypertension,
oxidative stress, environmental factors, and diet (I,10-13).
Retinal pigment epithelium, photoreceptor cells, choriocap-
illaris, and Bruch’s membrane are affected. Clinically, it is di-
vided into two forms. The atrophic form accounts for 85% of
the patients and the exudative form accounts for 15% (2). As
the eye ages, cellular debris from the retinal pigment epithe-
lium accumulates between Bruch’s membrane and the neuro-
sensory layer. These deposits, known as drusen, are the first
ophthalmoscopic findings seen in SMD. Drusen are structures
composed of lipids, proteins, and carbohydrates. Dry SMD
is characterised by progressive loss of visual function due to
deterioration of the choriocapillaris, atrophic loss of the outer
retina, and deterioration and eventual death of the photore-
ceptor layer. Geographic atrophy is the most advanced form
of dry-type SMD. In wet-type SMD, subretinal or intraretinal
neovascularization occurs, and when these new blood vessels
infiltrate, it may cause fluid accumulation, hemorrhages, and
fibrosis (10,12,14). According to the clinical classification by
Ferris et al.,, (15) if there are no drusen or pigment abnormal-
ities in the fundus, there is no SMD. In late SMD, neovascular
SMD and/or geographic atrophy are observed.

Both glaucoma and SMD cause progressive and irrevers-
ible vision loss in older patients. These are complex, multi-
factorial diseases that can significantly impact patients’ daily
activities and quality of life. Understanding the relationship
between glaucoma and SMD is important for identifying the
underlying pathological mechanisms and improving progno-
sis. This study aims to evaluate the incidence of SMD associ-
ation in patients with POAG and PEG.

Methods

The files of 2600 glaucoma patients who were followed and
treated at Inonu University Faculty of Medicine, Department
of Ophthalmology, between January 2019 and December
2024 were retrospectively analyzed, and 168 patients with
POAG and PEG were included in this study. Patients diag-
nosed with POAG and PEG with SMD were also record-
ed. Approval protocol number: 2024/6601 was obtained on
December 17, 2024, from the Ethics Committee of Inonu
University Faculty of Medicine. This study was conducted in
accordance with the Declaration of Helsinki.

In this study, 90 female and 78 male patients with POAG
and PEG were included in the study. The mean age of female
patients was 6318.4 years, and the mean age of male patients
was 66.5+7.8 years. SMD was classified as a wet type and
a dry type. Lens status was classified as pseudophakic and
phakic. The severity of glaucoma was classified as early stage
(mean deviation [MD] <6 dB), intermediate stage (MD —6
dB—12 dB), and advanced stage (MD 212 dB) according to
MD values and glaucomatous visual field defect according to
Hodapp-Parrish-Anderson criteria (16).

All patients underwent complete ophthalmological ex-
aminations, including best-corrected visual acuity, slit-lamp
biomicroscopy, fundus examination with a +90D lens after
pharmacological dilatation, intraocular pressure measure-
ment with Goldmann applanation tonometry, gonioscopy,
optical coherence tomography (OCT) (DRI OCT Triton;
Topcon Inc., Tokyo, Japan), color fundus photography, fundus
fluorescein angiography (TRC-50DX; Topcon Inc., Tokyo, Ja-
pan), and Humphrey (Humphrey-Zeiss Systems, Dublin, CA,
USA) 30-2 static threshold perimetry. Patients under 50
years of age, patients with retinal disease, diabetic retinopa-
thy, hypertensive retinopathy, hyperlipidemia, vascular occlu-
sions, infection, uveitis, nonglaucomatous optic neuropathy,
neurological or other neuro-ophthalmic diseases, history of
chronic drug use, eye surgery other than cataract surgery,
ocular trauma, degenerative myopia and ocular laser history
within the last 3 months were excluded from this study.

Glaucomatous optic nerves were defined as a cup-to-disc
ratio 20.6 and/or asymmetry of the optic nerve cup-to-disc
ratio between both eyes >0.2 (17). Typical glaucomatous
visual field defects detected by the Humphrey automated
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perimetry 30-2 program, according to the Anderson criteria,
were recorded. For Humphrey visual fields, false positive,
false negative, and loss-of-fixation rates of fewer than 33%
were considered.

Statistical Analysis

Gender, age, type of glaucoma, type of SMD, the severity
of glaucoma, lens status, and differences of all variables ac-
cording to gender were analyzed by chi-square analysis. The
correlations between glaucoma type and gender, age, and
SMD; between glaucoma severity and gender, age, and SMD;
and between lens condition and gender, age, and SMD were
analyzed using Pearson correlation. The effect of gender,
age, type of SMD, the severity of glaucoma, lens condition
(dependent variables) on the type of glaucoma (independent
variable) was analyzed by regression analysis. Data were an-
alyzed using the Statistical Package for the Social Sciences
(SPSS) version 27.0 software (IBM SPSS Corporation, Chi-
cago, USA). Statistical significance was accepted as p<0.05.

Results

Ninety (53.57%) patients were female, and 78 (46.43%)
were male. The mean age of the women was 63+8.4 years,
and the mean age of the men was 66.5+7.8 years. When the
type of glaucoma was analyzed, 66 (73.3%) of the women
and 60 (76.9%) of the men had POAG, 24 (26.7%) of the
women and 18 (23.1%) of the men had PEG. 18 (20.0%)
right and 25 (27.8%) left eyes of women and 30 (38.5%)
right and 24 (30.8%) left eyes of men were pseudophakic,
72 (80.0%) right and 65 (72.2%) left eyes of women and 48
(61.5%) right and 54 (69.2%) left eyes of men were phakic. In
patients diagnosed with SMD, only dry type was observed in
four women, while dry-type SMD was observed in five men,
and wet-type SMD was observed in one man. According to
the severity of glaucoma, 65 (72.7%) women and 43 (55.1%)
men were diagnosed with early-stage glaucoma, 13 (14.4%)
women and |3 (16.7%) men with intermediate stage, and 12
(13.3%) women and 22 (28.2%) men with advanced stage in
the right eye. In the left eye, there were 61 (67.8%) women
and 49 (62.8%) men diagnosed with early stage, 8 (8.9%)
women and || (14.1%) men diagnosed with intermediate
stage, and 21 (23.3%) women and 18 (23.1%) men diagnosed
with advanced stage (Table 1).

Age, type of glaucoma, lens status in the left eye, type of
SMD in patients with SMD, and severity of glaucoma in the
left eye were not statistically significantly different accord-
ing to gender (p>0.05). However, lens status in the right eye
(p=0.008) and severity of glaucoma (p=0.037) were statisti-
cally significant according to gender (p<0.05). The number of
women who were diagnosed with early-stage glaucoma in the
right eye and who were phakic was higher (Table 1). There
was a statistically significant difference in the severity of glau-

Table |. Demographic and clinical characteristics of the patients

Variables n % P
Gender
Woman 90 53.57
Male 78 46.43 )
Ageztstandard deviation
Woman 63184 - 0.085
Male 66.5+7.8
Type of glaucoma
Woman 0.592
POAG 66 733
PEG 24 26.7
Male
POAG 60 76.9
PEG 18 23.1
Lens status of right eye
Woman 0.008*
Pseudophakic 18 20.0
Phakic 72 80.0
Male
Pseudophakic 30 385
Phakic 48 61.5
Lens status of left eye
Woman 0.671
Pseudophakic 25 27.8
Phakic 65 722
Male
Pseudophakic 24 30.8
Phakic 54 69.2
Patients diagnosed with SMD
Woman 1.000
Dry type 100.0
Wet type 0 0.0
Male
Dry type 5 83.3
Wet type | 16.7
Glaucoma severity of right eye
Woman 0.037*
Early stage 65 722
Middle stage 13 14.4
Advanced stage 12 13.3
Male
Early stage 43 55.1
Middle stage 13 16.7
Advanced stage 22 282
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Table I. Continue

Variables n % P
Glaucoma severity of left eye
Woman 0.559
Early stage 6l 67.8
Middle stage 8 8.9
Advanced stage 21 233
Male
Early stage 49 62.8
Middle stage Il 14.1
Advanced stage 18 23.1

P<0.05.SMD: Senile macular degeneration, POAG: Primary open-angle glaucoma,
PEG: Pseudoexfoliation glaucoma.

coma in the right eye. For this difference between the right
and left eye, it is thought that other factors that could affect
the right and left eyes, such as differences in blood flow at the
optic nerve head, should be investigated in new studies.

In our study, there were 10 patients, six males (60.0%)
and four females (40.0%), who had SMD with glaucoma type.
The mean age of the patients was 72.70£1 1.02 years. There
were six patients (60.0%) with POAG and four patients
(40.0%) with PEG, nine patients (90.0%) with dry-type SMD,
and one patient (10.0%) with wet-type SMD. There was no
correlation between age, gender, glaucoma type, and SMD
type (p>0.05) (Table 2).

Table 2. Correlation between type of glaucoma and type of
concomitant SMD disease, gender and age variables

Variables  Gender Age g;zrcz::a SMD type
Gender
r |
P
Age
r 0.336 |
P 0.343
Type of glaucoma
r 0.167 0.433 |
P 0.645 0.211
SMD type
r —-0.272 0.488 —-0.272 |
P 0.447 0.153 0.447

When the severity of glaucoma, type of SMD, gender, and
age characteristics of the patients with glaucoma and SMD
were analyzed, there were four (40.0%) patients with ear-
ly-stage glaucoma, two (20.0%) with intermediate stage, and
four (40.0%) with advanced stage in the right eye. In the left
eye, there were two (20.0%), 5 (50.0%), and three (30.0%)
patients with early, intermediate, and advanced glaucoma, re-
spectively. There was no correlation between the severity of
glaucoma in the right and left eye, the type of concomitant
SMD, gender, and age variables (p>0.05) (Table 3).

When the lens status in the right and left eye, SMD type,
gender, and age characteristics of the patients diagnosed with
glaucoma. SMD were analyzed; there were seven (70.0%)
patients diagnosed with pseudophakia in the right eye and
three (30.0%) with phakia. In the left eye, 7 (70.0%) patients
were diagnosed as pseudophakic and 3 (30.0%) as phakic.
A statistically significant high-level positive correlation was
found between age and lens status (Pseudophakic/Phakic) in
the right eye (p<0.05). No correlation was found between
other variables (p>0.05) (Table 4).

In our study, multiple linear regression analysis was per-
formed to examine the effect of gender, age, severity of glau-
coma and lens status on the diagnosis of glaucoma and SMD.

Table 3. Correlation between the severity of glaucoma in the right
and left eye, type of SMD, gender and age variables

“— “—
Variables S &0 E o 'E s A
0 38 e ¥
@ M= »n ™ 7]
Gender
r |
P
Age
r 0.336 |
P 0,343
Severity of glaucoma right eye
r —0.228 0.395 |
P 0.526  0.258
Severity of glaucoma left eye
r 0.055  0.455 0.299 |
P 0.88I 0.187 0.402
SMD type
r -0.272 0.488 0.373 0.356 |
P 0.447  0.153 0.289 0312

Pearson correlation method was used to analyze the correlation between
gender and age variables in patients with SMD with glaucoma. SMD: Senile

macular degeneration.

Pearson’s correlation method was used to analyze the correlation between
the severity of glaucoma in the right and left eye, the type of concomitant
SMD, gender and age variables. SMD: Senile macular degeneration.




46

Demir et al., Macular Degeneration in Glaucoma Patients

Table 4. Correlation between lens status in the right and left eye,
concomitant SMD type, gender and age variables

o
gy 288 8t
§ % IF% IfE 2
[ v )
Gender
r
P
Age
r 0.336 |
P 0.343
Lens status right eye
r —0.167  0.660* |
P 0.645 0.038
Lens status left eye
r 0.250 0.562 0.583 |
P 0.486 0.091 0.077
SMD type
r —-0.272 0.488 0.272 0.272 |
P 0.447 0.153 0.447 0.447

Pearson correlation method was used to look at the correlation relationship
between the variables of lens status in the right and left eye, type of SMD seen

together, gender and age. SMD: Senile macular degeneration.

When variance inflation factor values were analyzed, it was
seen that they were <10, and there was no multi-connection
problem. The regression model was found to be statistically
significant (p=0.043z0.05). This model examines the factors
(fixed variables) that influence the diagnosis of glaucoma
and SMD (dependent variable). These fixed variables were
determined to be gender, age, right eye glaucoma severity,

Table 5. Regression analysis results

Unstandardized coefficients

Standardised coefficients

left eye glaucoma severity, right eye lens status, and left eye
lens status. 7.7% of the variation in the glaucoma and SMD
diagnosis variable can be explained by these fixed variables.
In the established model, except for the constant coefficient,
other variables did not have a statistically significant effect
on the diagnosis of glaucoma and SMD (p>0.05) (Table 5).

Discussion

Glaucoma and SMD are prevalent vision-threatening diseas-
es whose incidence increases with advancing age. There are
many common underlying mechanisms in the development of
glaucoma and SMD. Mitochondrial dysfunction, inflammation,
oxidative stress, and the accumulation of damaged molecules
are reported as key mechanisms. The pathogenesis of SMD
is not fully understood, but the currently accepted hypoth-
esis is that metabolic and mitochondrial dysfunction are the
main triggers of the disease. The pathogenesis of glaucoma
is much better understood than that of SMD. It is caused by
a disturbed balance between the aqueous humor production
in the ciliary body and its outflow (4,7,8,14,18-20). PES is an
age-related systemic disease characterized by the deposition
of fibrillar protein aggregates called pseudoexfoliation fibrils
on the tissue surfaces of the anterior and posterior segments
of the eye. The early stage of the disease is called PES, and the
more severe stage is called PEG.?'! There was no difference
in age according to gender in the glaucoma patients includ-
ed in our study (p=0.085). About 74.99% of the patients had
POAG, and 24.99% were PEG. There was no difference in the
type of glaucoma and severity of glaucoma in the left eye ac-
cording to gender (p>0.05). However, there was a statistically
significant difference in the severity of glaucoma in the right
eye (p=0.037) (p<0.05). The number of women diagnosed
with early-stage glaucoma in the right eye was higher.

SMD has emerged as a globally significant and increas-
ingly prevalent eye disease. The prevalence of SMD steadily

Collinearity statistics

t Sig.

B Std. error Beta Tolerance VIF
Fixed —-0.330 0.164 —2.016 0.045*
Gender —-0.013 0.037 —0.028 -0.362 0718 0.930 1.076
Age 0.004 0.002 0.148 1.735 0.085 0.788 1.270
Glaucoma severity right 0.010 0.025 0.033 0.389 0.698 0.774 1.293
Glaucoma severity left 0.027 0.024 0.096 1.124 0.263 0.780 1.283
Lens status right 0.023 0.051 0.044 0.444 0.658 0.593 1.685
Lens status left 0.034 0.048 0.066 0.706 0.481 0.665 1.503

Dependent variable: Diagnosis of glaucoma and SMD. R=0.277 R?=0.077 F=2.232 P=0.043. r: Correlation coefficient, R: Multiple correlation coefficient, R%: Multiple
coefficient of determination, Beta: Standardised B coefficient, B: Regression coefficient, Std Error: Standard error, t:Value determining the statistical significance of

the relationship, Sig: Significance value,VIF:Variance inflation factor, F: F value, S: Fixed (point where it crosses the Y-axis.
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increases with age, showing no significant gender differences
(15,22). Glaucoma affects contrast discrimination and light/
dark adaptation. SMD causes loss of contrast sensitivity,
metamorphopsia and blurred vision (12). SMD affects ac-
tivities requiring central vision, such as reading, writing and
recognizing faces, whereas glaucoma affects activities requir-
ing peripheral vision, such as walking and driving. As many
patients have both conditions, they have a combined effect
on their daily lives. Both glaucoma and SMD can cause sig-
nificant limitations in the daily activities of patients and have
a profound effect on their quality of life (4,14,18,23). In our
study, 10 (5.95%) of 168 glaucoma patients had SMD. Of the
patients with SMD, six (60%) were male and four (40%) were
female. Nine (90%) had dry-type, and | (10%) had wet-type
SMD. The mean age of the patients was 72.70+11.02 years.
There was no correlation between glaucoma type, SMD
type, gender and age variables (p>0.05). In the right eye,
four (40.0%), two (20.0%) and four (40.0%) patients were
diagnosed with early, intermediate and advanced glaucoma,
respectively. In the left eye, two (20.0%), five (50.0%) and
three (30.0%) patients were diagnosed with early, intermedi-
ate and advanced glaucoma, respectively. There was no cor-
relation between the severity of glaucoma in the right and
left eye, SMD type, gender and age variables (p>0.05).

In a study by Hirvela et al., (22) no association was found
between SMD and glaucoma. In a study by Mergen et al., (17)
glaucoma was diagnosed or suspected at a significantly lower
rate in patients with exudative SMD compared to non-ex-
udative patients. Ganglion cell loss leads to retinal nerve
fiber loss, causing thinning of the retinal nerve fiber layer
and changes at the optic disc head (24). Aritiirk et al. (25)
found no significant difference in the neural rim, mean cup/
disc ratio and peripapillary retinal nerve fiber layer thickness
in the optic disc in the presence of macular degeneration
compared to the control group in their studies. They stated
that the coexistence of both diseases is rare, and although
both diseases are independent of each other, vascular insuf-
ficiency is partially involved in their etiology. Vascular factors
are important in the development of neovascular SMD. It
has been reported that choroidal and retinal blood flow is
decreased in patients with neovascular SMD. Ischemia and
hypoxia resulting from inadequate perfusion of the choroid
are thought to activate the development of angiogenesis.
Angiogenesis usually causes visual loss by disrupting normal
macular function (3). Zengin et al. (26) reported that the
accumulation of pseudoexfoliative material in the walls of
ophthalmic vessels affects the development of SMD, and
there is a low prevalence relationship between PES and wet-
type SMD. In their study, Gunes et al. (27) reported that PES
was associated with SMD. In our study, no correlation was
observed between PEG and SMD disease. In patients with

coexisting glaucoma and SMD, when gender, age, severity
of glaucoma in the right and left eye, and pseudophakic and
phakic status were evaluated, no statistically significant effect
of these variables on the coexistence of glaucoma and SMD
was observed (p>0.05).

Cataracts cause blurred vision, monocular diplopia, con-
trast sensitivity and color vision impairment, reducing visual
quality. Cataracts, glaucoma and SMD incidence increases
with age (23,28). Wang et al,, (29) in a study of 6019 pa-
tients, reported that age-related maculopathy developed in
6.0-7.7% of aphakic patients and 0.7% of phakic patients.
Klein et al. (30) reported that cataract surgery increased the
risk of late-type age-related maculopathy. It has been report-
ed that late SMD has an increased prevalence in patients
with cataract diagnosis and cataract surgery, although the
cause is unknown (31). In our study, there were 7 (70.0%)
patients with pseudophakic and 3 (30.0%) with phakic di-
agnoses in the right and left eyes. A statistically significant
high-level positive correlation was found between the status
of the lens in the right eye and the age variable (p<0.05).

This study has limitations due to its retrospective nature.
The small number of patients and the information about
the patients are limited to the information recorded during
the patient’s examination. The contribution of the study is
that there are very few studies on this subject, which has
remained under-researched, and the findings are consistent
with previous studies.

Conclusion

Limited research has investigated the relationship between
glaucoma and retinal diseases. Understanding the association
between glaucoma and SMD is crucial for uncovering under-
lying pathological mechanisms, improving prognosis, guiding
follow-up, and optimizing treatment strategies. Further stud-
ies could play a pivotal role in preventing visual loss, enhanc-
ing patients’ quality of life, and decreasing the prevalence of
glaucoma and SMD.
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