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Urszula tukasik Purpose: The aim of this study was to describe clinical characteristics of glaucomatous
Ewa Kosior-Jarecka optic neuropathy in treated Polish patients with pseudoexfoliative glaucoma.

Dominika Wrébel- Methods: In the course of the study, 348 eyes of 231 patients with pseudoexfoliative
Dudzifiska glaucoma. The patients involved in the study were treated in the Department of Diagnostic

Agnieszka Kustra and Microsurgery of Glaucoma in Lublin between 2012 and 2019. The following parameters
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were assessed in the examination: visual acuity, slit-lamp biomicroscopy with evaluation of
anterior segment of the eye, gonioscopic examination, stereoscopic fundus examination of
the eye, intraocular pressure, visual field, and pachymetry.
Départme"t of Diagnostics and ! Results: The mean age of all the patients was 73.16 years (SD+8.03). The mean age of women
B:I‘::::geg f:bf:ufjtm: E:I:'ncjl was 74.06 (SD+6.97), and the mean age of men was 71.8 (SD+8.51, p=0.006265). Women
represented 37.93% (n=132) of the studied group, while men 62.07% (n=216). In the group of
patients younger than 65 years of age, 27.9% were male and 15% female (p=0.0021). In the
whole studied group, mean peak IOP was 29.25 mmHg with higher mean values in male patients
(M vs F: 33.24 mmHg vs 26.86 mmHg; p=0.000). Peak values exceeding 30 mmHg were
significantly more frequent in males (M vs F: 56.5% vs 31.9%; p=0.0000). Peak IOP never
exceeding 21 mmHg was observed in 18.6% of the patients. The mean value of MD (Mean
Deviation) was —12.85 dB in the whole group. The men were more likely to have more advanced
glaucoma, according to MD (M vs F: —16.35 dB vs —11.13 dB; p=0.0000).
Conclusion: Pseudoexfoliative glaucoma was more frequently observed in men with
younger age, higher IOP, and more advanced glaucoma. Normotensive glaucoma was
observed in 18.6% of the patients with pseudoexfoliative glaucoma.
Keywords: pseudoexfoliation syndrome, pseudoexfoliative glaucoma, glaucoma,
epidemiology

Introduction

Pseudoexfoliation syndrome (XFS) was initially reported by the Finnish ophthal-
mologist John Lindberg in 1971." It affects between 60 and 70 million people
worldwide® and between 0.3% and 30% of people aged 60 or more.® XFS is an age-
related systemic disease characterised by production and deposition of extracellular
fibrillar material in several ocular and extraocular tissues.” In the eye, XFS appears
as fine “dandruft-like” material typically localised on the anterior lens capsule, but

its deposits can also be found on the pupillary margin, lens zonules, trabecular

meshwork, the face of the ciliary body, and on the corneal endothelium.’ The
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The etiopathogenesis of XFS involves both genetic and
non-genetic factors. Development of XFS is strongly asso-
ciated with variants of the lysyl oxidase-like 1 (LOXL1)
gene, particularly, three single-nucleotide polymorphisms
(SNPs) increase the risk of XFS’ The lysyl oxidase-like
(LOXL) gene is relevant to XFS pathogenesis in that it
codes for a family of enzymes that catalyzes the covalent
cross-linking of collagen and elastin in extracellular
matrix.® CACNAIA was discovered as the second locus
associated with susceptibility to XFS.” Numerous environ-
mental factors such as solar irradiation and climatic vari-
ables are hypothesised to be responsible for the latitude
effect.'® Additionally, dietary factors are mentioned: low
folate intake is related to elevated homocysteine levels,
which is in turn associated with increased risk of XFS."!

Elevated intraocular pressure, with or without glaucoma-
tous neuropathy, occurs in approximately 25% XFS eyes.'
Pseudoexfoliative glaucoma (XFQG) is the most common type
of secondary open-angle glaucoma.'* XFS is confirmed as
a significant risk factor for glaucoma; glaucoma occurs 6 to
10 times more often in eyes with pseudoexfoliation syn-
drome compared to eyes without XFS.'* Pathogenesis of
glaucoma during the course of XFS still remains unclear
and is attributed to various reasons, such as the mechanical
blockage of the trabecular meshwork (TM) caused by exfo-
liation material and ischemic or molecular insults which
cause irreversible damage to the tissue.'’

There are numerous publications on the epidemiology
of XFS, but it is difficult to find epidemiological data
regarding pseudoexfoliative glaucoma. Therefore, the aim
of the present study was to describe clinical characteristics
of glaucomatous optic neuropathy in diagnosed and treated
Polish patients with pseudoexfoliative glaucoma.

Materials and Methods

The research project was designed as cross-sectional one-
center study carried out in the Department of Diagnostic and
Microsurgery of Glaucoma of the Medical University of
Lublin in the years 2012 to 2019. The study was approved
by local Ethics Committee (approval number 127/12) and
tenets to the Declaration of Helsinki. The studied group
consisted of 348 eyes of 231 Caucasian patients with pseu-
doexfoliative glaucoma. The study involved all the patients
with glaucomatous neuropathy in the course of pseudoexfo-
liation syndrome in at least one eye who had provided written
the informed consent. The diagnosis of XFS was based on
presence dandruff-like exfoliative material on the anterior
lens capsule in a central disc and peripheral band (double

concentric ring) pattern and/or in the anterior segment of the
eye. In the case of pseudophacic eyes without detected exfo-
liation material on slit-lamp examination, the diagnosis was
based on medical records.

Glaucoma was diagnosed in cases of optic nerve neuro-
pathy with a characteristic optic disc damage pattern detected
during stereoscopic examination, with characteristic visual
field loss or changes in RNFL typical for glaucomatous neuro-
pathy observed in OCT. Patients with pseudoexfoliation syn-
drome without glaucoma or elevated IOP, nor with ocular
hypertension in course of XFS but without glaucomatous
neuropathy were not included to the study. The patients with
peak IOP above 21 mmHg were designated as high-tension
cases and those under 21 mmHg, as normal-tension cases.

Before being included in the study, in order to confirm the
diagnosis, the following parameters were assessed: best-
corrected visual acuity (BCVA), using Snellen charts with
decimal scale; slit-lamp biomicroscopy with the evaluation
of the anterior segment of the eye; gonioscopy, using Zeiss
four-mirror gonioscope (grading width of the angle according
to Schaffer’s classification); as well as the stereoscopic fundus
examination of the eye with a detailed assessment of the optic
disc morphology. Intraocular pressure was measured by
Goldman applanation tonometry (3 measurements were per-
formed for each eye, the mean value was calculated, IOP was
accedes during office hours). Measurements of the central
corneal thickness (CCT) were performed using an ultrasonic
pachymeter (10 measurements were performed for each eye
and in case of SD lower than the mean value was calculated,
PIROP, EHOSON S.A), and IOP measurements were cor-
rected according to the results. Visual field test was performed
with the use of Humphrey automated perimeter using 30-2
SITA Fast strategy when BCVA was above 0.1 and semiki-
netic mode with BCVA under 0.1. The staging of visual field
defects was assessed using the Hodapp-Parish-Anderson
classification:

Early glaucomatous loss MD<-6 dB, moderate glauco-
matous loss: MD <-12 dB, advanced glaucomatous loss
MD >-12 dB."

The evaluation of the retinal nerve fiber layer was
performed with OCT (Optical Coherence Tomography,
Cirrus™ HD-OCT, Model 4000). The history of glaucoma
(duration, family history) and chronic general disorders
were obtained using a questionnaire.

Statistic evaluation of the data was performed using
Statistica 13.1 (Polish version, Statsoft Poland). The results
were reported mainly as meantSD or percentage values.
A p-value lower than 0.05 was considered statistically
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significant. Normal distribution was assessed with the
Shapiro—Wilk test. The Mann—Whitney test was used for non-
normally distributed data. Proportions were analysed by
means of the chi-square test with Yates correction when
needed.

Results

The study involved 348 eyes of 231 patients with pseu-
doexfoliative glaucoma. Demographic characteristic of
studied population is put in Table 1. Women represented
37.93% (n=132) of the studied group, and men 62.07%
(n=216) (p=0.006).

The mean age of all the patients was 73.16 years (SD
+8.03). The men were significantly younger than the
women (M vs F: 71.8£8.51 vs 74.06+6.97; p=0.006265).
In the group of patients younger than 65 years, 27.9%
15%
(p=0.0021). In the whole group, the mean duration of

were male participants and were women
antiglaucoma treatment was 3.66 years and there was the
tendency for male to be treated over a shorter period of
time (M vs F: 3.40 vs 3.66y; p=0.0686).

The exfoliation syndrome was clinically unilateral in
40.25% patients (n=93 patients), bilateral in 59.75%
(n=138 patients) in the whole studied group. In women,
XFS was clinically unilateral in 35.25% of the cases, and
in men in 47.82%. The bilateral involvement was more
frequent in female patients (F vs M: 64.7% vs 52.1%;
p=0.056). Bilateral involvement was significantly more
frequent in patients younger than 65 years of age (younger
vs older: 78.32% vs 42.85%; p=0.000). In patients with
higher peak IOP (IOP > 30 mmHg), bilateral involvement
was less frequent (64.18% vs 76.68%; p=0.0137) in com-

parison to the group with peak IOP lower than 30 mmHg.

Table | Characteristics of the Study Group

n=231 n=132 n=216 | p

Patients | Eyes Eyes

(348 Female | Men

Eyes)
Medium age 73.16 74.06 71.8 0.0062
(years) (SD (SD (SD

18.03). 16.97) +8.5)
Mean duration of 3.66 3.66 3.40 0.0686
treatment (years)
BCVA 0.49 0.47 0.51 0.28
Max IOP (mmHg) 29.25 26.86 33.24 0.000
CCT (um) 546.56 546.97 54435 | 0.756
c/d 0.79 0.77 0.82 p=0.0415

Best-corrected visual acuity was (BCVA) 0.49 for the
studied group and it did not differ between the sexes (F vs
M: 0.47 vs 0.51; p=0,08). Central corneal thickness (CCT)
was 546.56 pm, similar in females and males (p=0.756).

In the whole studied group, the mean peak IOP was
29.25 mmHg, with higher mean values in male patients (M
vs F: 33.24 mmHg vs 26.86 mmHg; p=0.000) [Figure 1].
Peak values exceeding 30 mmHg were also significantly
more frequent in male patients (M vs F: 56.5% vs 31.9%;
p=0.0000). Peak IOP never exceeding 21 mmHg was
observed in 18.6% patients (n=43; F vs M: 79% vs 21%,
p<0.05).

Iridocorneal angle closure (Grade 0) was observed in
2.71% eyes of the whole studied group, Grade 1 in 6.79%,
Grade 2 in 15.84%, Grade 3 in 34.84%, and Grade 4 in
39.82%. Closed and narrow-angle was described in
25.34% eyes. In the group of women, angle closure
(Grade 0) was found in 3.62%, Grade 1 in 5.80%, Grade
2 in 14.5%, Grade 3 in 39.13%, and Grade 4 in 36.95%. In
the group of men, angle closure (Grade 0) was found in
1.2%, Grade 1 in 8.43%, Grade 2 in 18.08%, Grade 3 in
27.71%, and Grade 4 in 44.58% (p=0.31). In the study,
narrow or closed-angle was found to be more frequent in
women (F vs M 14.93% vs 10.4%, p=0.62). The cup to
disc ratio was 0.79 in the whole group (F vs M: 0.77 vs
0.82; p=0.0415). The mean value of MD (Mean Deviation)
was —12.85 dB in the whole group.

According to MD (M vs F: —16.35 dB vs —11.13 dB;
p=0.0000), men were likely to have more advanced glau-
coma [Figure 2]. Pattern standard deviation was 8.1866 dB in
the group of men and 6.6901 dB in the group of women
(p=0.007204). MD > —20 dB was assessed in 36.26% of men
and 18.24% of women (p=0.0015). Early visual field defects
(06 dB) were detected in 26.83% of women, moderate
visual field defects (612 dB) in 25.61% of women, while
advanced (>12 dB) in 47.56% of women. Early visual field
defects (0—6 dB) were detected in 13.3% of men, moderate
(6-12 dB) in 20.%, while advanced (>12 dB) in 66.7% (p=
0.056994). The correlations between IOP, CCT and the
demographic and clinical features are put in Table 2.

The assessment of the scotoma pattern resulted in the
following findings in the group of women: normal VF in
8.47%, paracentral scotoma in 14.84%, arcuate scotoma in
27.55%, nasal step in 10.17%, altitudinal visual field
defect in 13.56%, and the advanced VF defect in
25.42%; corresponding results in the group of men were
as follows: normal VF in 4.0%, paracentral scotoma in
14.67%, arcuate scotoma in 16.0%, nasal step in 4.0%,
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Figure | Relationship between IOP and gender. |, Female. 2, Male.

altitudinal visual field defect in 13.33%, advanced VF
defect in 48.0%. Their morphology of VF scotoma dif-
fered significantly between the sexes (p=0.016633).

When assessing the mean defect in VF in the group of
patients with early changes, XFS was clinically bilateral in
70.0%, in moderate changes group, XFS was bilateral in
63.63% and in the advanced changes group, XFS was bilateral
in 68.35%. In the group of patients with severe damage in VF
(MD > —20 dB), XFS was clinically bilateral in 72.34%.,
whereas in less severe cases group (MD < —20 dB), XFS was
clinically bilateral in 56.45%. In patients with more advanced
glaucoma, bilateral involvement was more frequent
(p=0.0196). Family history of glaucomatous neuropathy was
reported by 6.32% patients.

When assessing general chronic diseases, 15.47% of the stu-
died patients suffered from diabetes with no difference in its
prevalence between the sexes (p=0.617), 16.05% from hyper-
tension with significant female preponderance (F vs M:
28.22% vs 10.0%; p=0.005) and 5.19% from the ischaemic

heart disease.

Discussion
The pseudoexfoliation syndrome is an age-related dis-
ease characterised by production of abnormal fibrillar-

0 Mean
O Mean+ SD
T Mean+ 1,96SE

granular protein in the eye and the body. The exfoliation
material plays an important role in the development of
decreased aqueous humour outflow and elevation of IOP,
which may lead to the development of glaucoma. In our
study, the medium age of patients with pseudoexfoliative
glaucoma was 73.16, which is similar to the mean age of
our primary open-angle glaucoma (POAG) patients.'’
Arnarsson et al found that prevalence of XFS increases
significantly with age: 2.5% of people aged 50-59 years
had XFS; whereas 40.6% of those aged 80 years or more
were affected.'® Numerous studies confirm greater rates
of prevalence with increasing age'®' but when adjust-
ing for age and gender, the life span was not statistically
different in persons with and without XFS.?* However, it
is interesting that, in our study, male patients who had
more severe course of pseudoexfoliative glaucoma were
significantly younger than the women. Additionally, IOP
had weak negative correlation with age which may show
that in PEX patients IOP tends to decrease with age. This
observation needs further studies.

Studies have reported varying prevalence of XFS as far as
gender is concerned. Kounsar et al revealed that 62% of the
cases were males,” similarly to our results for pseudoexfolia-

tive glaucoma; however, other researchers also reported
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24-26

female or no gender preponderance. Some studies suggest

that male individuals with XFS may suffer more commonly

2728 as is the case in our study. A Greek study®

from glaucoma,
established a male to female ratio of 2.8:1 in patients under-
going filtration surgery. Similarly, in a Hungarian PEXG
cohort, the male to female ratio was 1.67:1,>° comparably to
our results (M to F: 1.63:1). They reported that 14.8% of the
male individuals in their studied population and 18.2% of
females had XFS, whereas XFG was present in 35.9% of the
affected male individuals, and in 25.7% of females.>! When we

additionally extracted younger patients with pseudoexfoliative

Table 2 Correlations Between |IOP, CCT and Demographic
Variables

IoP ccT

r r
Age ~0.1719* ~0.1526
MD 02457+ ~0.1945
BCVA ~0.0975* 0.1456
c/d 0.1998* ~0.1657
ccT 0.0223* -
IOP - 0.0223*

Notes: r, Spearman correlation coefficient; *correlation statistically significant.

—
s

0 Mean
O Mean+ SD
T Mean+ 1,96SE

glaucoma, even higher male preponderance (M to F: 1.81:1)
was observed, which indicates that, in our group, pseudoexfo-
liative glaucoma was more frequently observed among male
participants, especially in the younger group.

XFS often appears as unilateral in clinical examination. In
a series of 418 Caucasians patients, XFS was unilateral in 48%
of cases;*? the Blue Mountains Study indicated that XFS was
unilateral in 52% of the cases,> but in a Japanese group, 85%
had
Immunohistochemical studies of autopsy specimens have

of patients unilateral involvement.**
shown similarly labeled deposits around blood vessels of the
iris in every involved and fellow eye, which indicates that
unilateral XFS is probably never truly unilateral, but rather
asymmetric.>> Unilateral XFS is often a precursor of bilateral
involvement. Aasved et al observed that 43% of Norwegian
patients developed binocular involvement after 6 to 7 years.*®
In our study concerning XFG, unilateral involvement was
much less frequent than in the studies cited above, which
indicates that bilateral involvement may be a risk factor for
conversion of XFS to glaucoma, perhaps due to more XFS
material in the eyes. On the other hand, in this study, unilateral
involvement was more frequent in male patients who gener-
ally tend to have a more severe course of glaucoma.

Clinical Ophthalmology 2020:14
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Intraocular pressure in XFG is known to be higher than
in POAG and, according to CIGS, it is about 31.9
mmHg,?” similarly to our results. Patients with XFS also
show a greater 24-hr pressure fluctuation.>® Elevation of
IOP is suspected to be caused by blockage of aqueous
humor outflow by pigment deposits and/or exfoliation
material as well as increased outflow resistance, primarily
in the trabecular meshwork.’ Furthermore, IOP has been
reported to be significantly higher in male patients with
XFG, which is similar to our results.

Pseudoexfoliative glaucoma is typically described as
a hypertensive form. However, normotensive variants of
XFG have been reported. In the study by Koz et al, normal-
tension glaucoma was diagnosed in 24% of eyes with the
pseudoexfoliation syndrome.*® We also observed a group of
patients with XFS, glaucomatous damage of the optic nerve,
and normal IOP. In our study, normotensive type of glaucoma
occurred in 18.6% of eyes with pseudoexfoliative glaucoma,
which is a percentage similar to the one found for NTG in the
POAG group. Pressure independent mechanisms for the
XFG are complex and not well known. Abnormal ocular
and retrobulbar perfusion and abnormality of the elastic
tissue of the lamina cribrosa increase the risk of glaucoma-
tous damage.*' Reduced blood flow values in the optic nerve
head and the peripapillary retina, measured by Heidelberg
retinal flowmeter, have been observed in eyes with clinically
detected exfoliation.** The cytotoxic properties of exfoliation
deposits may be involved here.* On the other hand, it may be
a form of typical normal-tension glaucoma, with exfoliative
deposits as an accidental finding. The description of the risk
factors and course of normal-tension glaucoma with PEX
require further evaluation.

Pseudoexfoliative glaucoma is a subtype of secondary
open-angle glaucoma, but narrow angles are relatively
common. A considerable part (9% to 18%) of patients

4445 which seems to be

with XFS have occludable angles,
even more significant in our XFG group, where narrow
angles were observed in 25.34% of eyes. Furthermore,
narrow angles were more frequent in women, as well as
the risk for primary narrow angle in Caucasian patients.
Studies estimating the global prevalence of the disease
have shown that females represent 70% of all the cases
of primary angle-closure glaucoma.*® To our knowledge,
there is no data in literature about the width of the angle in
relation to gender in pseudoexfoliative glaucoma patients.

The course of pseudoexfoliative glaucoma is often
asymptomatic until advanced visual field loss occurs.
Frequently, in the eyes with XFQG, visual field deterioration

is, at the time of the first visit, already severe, which was
observed in our study; in the whole group, the average MD
was —12.85 dB and moderate and advanced neuropathy was
frequently described. It may be related to the fact that our
Ward is a reference center for glaucoma treatment in Poland.
On the other hand, the course of pseudoexfoliative glaucoma
is known to be more aggressive and with poorer prognosis
when compared to POAG.*’

In our study, male participants were likely to have more
advanced glaucoma changes with higher peak IOP values
with unilateral eye involvement. However, the mechanisms
of male preponderance and more severe course of glaucoma
are unknown. Studies estimating global disease prevalence
have shown that females represent 59% of all glaucoma
cases,*® because of their greater prevalence of angle-closure
glaucoma, as well as their relatively greater longevity.
Women are estimated to have twice as much visual impair-
ment and blindness overall.*” There are numerous relevant
studies about the role of female hormones in glaucoma.
There are data suggesting that estrogen levels in women
may influence POAG,”™' but very little is known about
the role of male sex hormones in glaucoma. Two datasets,
one from the United States and another from Australia,
evaluated gene variants related to testosterone metabolism
collectively and POAG risk, demonstrating that testosterone
metabolism pathway SNPs were consistently associated with
the high-tension subtype of POAG.>> Moreover, there are no
data about the role of hormones in PEXG. Possible influence
of testosterone metabolism on pseudoexfoliative glaucoma
patients, as typical high-tension glaucoma, requires further
evaluation.

There are some data on the difference between genders
in course of pseudoexfoliative glaucoma on molecular
basis. PEX is thought to represent aberrant extracellular
matrix synthesis; matrix metalloproteinases (MMPs) and
their inhibitors (TIMPs) are the enzymes participating in
ECM remodeling. Imbalance in the levels of MMPs and
TIMPs may be an important factor in the maintenance and
regulation of ECM in the TM.>**>* The study also shows
elevated concentrations of TIMP1, TIMP2, TIMP4 in aqu-
eous humor samples from POAG. This may lead to chan-
ged ECM composition in the TM and, thereby, result in
increased outflow resistance.” Significantly higher activ-
ity of aqueous humor TIPM-1 in male patients with XFX
was shown, with a significantly higher activity of aqueous
humor TIMP-4 in older male patients in the group with

PEX glaucoma.>®
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Pseudoexfoliation syndrome and pseudoexfoliative glau-
coma are frequently associated with systemic vascular dis-
eases. Several studies have reported an association between
cardiovascular and cerebrovascular morbidity, Alzheimer’s
disease, aorta aneurysm, and elevated plasma homocysteine
level.””*° In our study, 16.05% of the patients suffered from
hypertension, and 5.19% from the ischaemic heart disease.
Furthermore, some studies suggest that diabetic patients are
at increased risk for the development of glaucoma.®' In our
study, 15.47% of the patients suffered from diabetes. It is
a higher frequency in comparison to the prevalence of diabetes
in the overall population (8.8% among adults of the global
population).®®

Our study has some limitations. It describes patients treated
in a clinic specializing in treatment of glaucoma so they may
include only the patients with most severe forms and stages of
the disease. Additionally, given the asymptomatic nature of the
condition, referral bias could have occurred with females seek-
ing ophthalmic examination less frequently in the community
as one possible confounding variable. However, in the general
medical practice in Poland, women significantly more fre-
quently seek medical examination than men.®* Similar report-
ing may be observed for ophthalmic examination; however,
there is no data.

To sum up, in the Polish population, pseudoexfoliative
glaucoma is more frequently observed among males who are
younger, have higher IOP values, and more advanced glau-
coma neuropathy. Normotensive glaucoma was observed in
18.6% of the patients with pseudoexfoliative glaucoma.
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