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Abstract

Purpose: To establish the prevalence of ocular surface disease (OSD) in glaucoma patients using topical
intraocular pressure-lowering (IOP) therapy and to compare the frequency and severity of symptoms with the control
group of normal subjects.

Methods: This prospective, multicenter, observational study included patients with glaucoma in four different
Departments of Ophthalmology. A matched group of normal subjects served as controls. For each patient we have
collected detailed family history, clinical records and calculated ocular surface disease index (OSDI) scores (0-100),
based on the information obtained from OSDI questionnaires.

Results: In total, we have evaluated 160 patients. Of those, 110 were glaucoma patients and 50 were normal
subjects. Among 110 glaucoma treated patients 83 (75%) had OSDI scores indicating mild to severe OSD. Among
50 patients without glaucoma 15 (30%) had OSDI score indicating mostly mild to moderate OSD. The severity of
symptoms correlates with the number of IOP medications used and the duration of treatment.

Conclusion: This study confirms the high prevalence of OSD in patients treated for glaucoma with topical IOP
medications. The adverse effect of these agents can influence the compliance and successful treatment of
glaucoma patients.
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Introduction
Ocular surface disease (OSD) can be defined as a group of disorders

that affects various components of the ocular surface. It is a very
common disorder in clinical practice and one of the most frequent
reasons of patients’ visits to ophthalmologists. It is basically described
as condition that in different ways affects the stability and function of
the tear film [1]. Causes of OSD are environmental and genetic factors,
age, dry eye syndrome, blepharitis and meibomian gland dysfunction
as well as preservative-containing eye drops. Patients with OSD
usually present with general discomfort, itching, dryness, redness of
the eye, burning sensation, foreign body sensation, visual disturbance,
difficulty in reading or working in front of a computer and
photophobia. Glaucoma is optic nerve neuropathy and one of the
leading cause of blindness among elderly patients [2,3]. Even though
we have developed laser trabeculoplasty and filtration surgical
treatments most of our patients are using topical antiglaucoma drops
for years, usually more than one medication on daily basis, to maintain
good intraocular pressure (IOP) values. Majority of glaucoma
medications contain some level of benzalkonium chloride (BAK)
which is used to decrease the risk of contamination or to enhance their
permeability. Numerous studies suggest that frequent and long-term

instillation of preserved ophthalmic products may compromise ocular
surface and induce symptoms such as dryness, irritation or negative
impact on visual function [4-6].

We have to keep in mind that glaucoma is a chronic disease and
most of our patients will need lifetime treatment. Therefore healthy
ocular surface improves patient´s comfort and lowers the risk of failed
glaucoma filtering surgery in the future [7]. Previously conducted
studies that similarly used the Ocular surface disease index (OSDI)
questionnaire showed that 40% to 59% of glaucoma patients also have
OSD [8,9]. The purpose of the current study was to investigate the
prevalence of OSD among our glaucoma patients using topical IOP -
lowering therapy. We also wanted to compare the frequency and
severity of symptoms with the control group of healthy subjects
without glaucoma.

Materials and Methods
This was a prospective, multicenter; observational study approved

by the Independent Ethics Committee of each individual study site
and was conducted in accordance with the tenets of the Declaration of
Helsinki. Our study included 160 eyes: 110 with glaucoma and 50 of
normal subjects examined between September 2011 and March 2012
in four different Ophthalmology Departments in Croatia and Bosnia
and Herzegovina (two in Zagreb, one in Split and one in Mostar).
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Informed consent was obtained from each participant before
enrolment. Eligible patients were at least 30 years of age. Glaucoma
participants included patients with primary open-angle glaucoma
(POAG) who had IOP adequately controlled using one or more
glaucoma medication. All medications used in this study were
preserved with BAK. POAG participants had glaucomatous optic
nerve head cupping and glaucomatous visual field defects in at least 2
consecutive examinations. The group of healthy participants included
individuals with no history of glaucoma or frequent usage of
intraocular drops, no presence or history of blepharitis within the
previous year, no prior corneal surgery, no history of ocular
inflammatory disease e.g. Herpes simplex keratitis, best-corrected
visual acuity according to Snellen charts of 0.5, IOP <21 mmHg,
normal optic nerve head appearance and normal visual field testing
results. Healthy eyes served as the control group and they were age -
matched and sex-matched to the patients with glaucoma.

Exclusion criteria in glaucoma group were previous intraocular
surgery or trauma, any ocular laser surgery within the previous six
months, any contact lens wear within 30 days before enrolment, visual
acuity with their usual correction less than 0,5 according to Snellen,
current use of topical corticosteroids, artificial tears, topical non-
steroid anti-inflammatory drugs or cyclosporine ophthalmic emulsion
like Restasis or current use of punctual plugs, suspected or diagnosed
Sjögren’s syndrome or rheumatic/autoimmune disorder like
rheumatoid arthritis, systemic lupus erythematosus or scleroderma.
All patients were asked to complete OSDI questionnaire. OSDI
questionnaire was developed by Allergan Inc. Outcome Research
Group (Irvine CA) to provide a rapid assessment of the severity of
symptoms of OSD and their impact on vision related function [10].

The questionnaire consists of 12 questions concerning symptoms
and problems associated with dry eye. The questions are divided into
three groups regarding patients experience with ocular symptoms,
vision- related functioning and environmental triggers. Patients were
asked to indicate whether they experienced any of the symptoms or
problems on the list in the previous week, and if so, how often.
Questions include sensitivity to light, grittiness of the eyes, soreness of
the eyes, blurred vision, poor vision; whether they experienced
limitations with reading, driving at night, watching television, or
working with a computer; and whether their eyes felt uncomfortable in
windy conditions, very dry places or in air conditioned places [11,12].
The 12 items of the OSDI questionnaire were graded on a scale of 0 to
4: 0 none of the time, 1 some of the time, 2 half of the time, 3 most of
the time, 4 all of the time. Total OSDI score was calculated for each
patient based on the following formula-

sum of scores of all questions answered × 25 / total number of
questions answered

Patients were assessed on a scale of 0-100 with higher scores
representing greater disability. Patients were grouped into 4 categories
by OSDI score: normal (scores 0-12), mild OSD symptoms (13-22),
moderate OSD symptoms (23-32), severe OSD symptoms (33-100)
[13]. Patients’ medical records were used to obtain medical history
including detailed data on the use of medication and duration of
therapy. We used this information to divide patients into groups
according to number of medications used and duration of therapy.
Statistical analysis for severity distribution of OSDI scores among two
groups was made using chi-square test. Differences in the number of
OSDI scores with respect to the number of drugs used and the
duration of therapy were tested by Kruskal Wallis test. A P value of
0.05 or less was considered to be statistically significant. Statistical

analyses were performed using the SPSS 15.0 package (SPSS Inc.,
Chicago, IL).

Results
One hundred and sixty patients from four different Ophthalmology

Departments participated in this study by completing OSDI
questionnaire. Of those 110 were open-angle glaucoma patients, and
50 were healthy subjects. The mean SD ± age of the participants who
completed the study was 72 ± 6 years, ranging from 37-92 years. In
glaucoma group 50 (45%) patients were males and in control group 22
(44%).

Figure 1 shows the distribution of OSDI scores in glaucoma patients
and in the control group. Among 110 glaucoma treated patients 83
(75%) had OSDI scores indicating mild to severe OSD compared to 15
(30%) in the control group. Figure 2 shows the most frequent
complaints of glaucoma patients using hypotensive therapy. They
most often included sensitivity to light, poor vision and discomfort in
windy conditions.

Figure 1: Severity distribution of OSDI scores

Figure 2: Frequent complaints of glaucoma patients using
hypotensive therapy

Figure 3 shows OSDI scores in patients on 1, 2, or 3 or more
medications. 65 (59,09%) patients were using 1 antiglaucoma
medication, 35 (31.8%) patients were using 2 antiglaucomaeye drops,
and10 (9.1%) patients were using 3 or more antiglaucoma eye drops.
OSDI scores differed among patients using different numbers of
medications (P=0.048). Patients on a single eye drop had a median
OSDI score of 22,7 (0-87,5), those who were on 2 eye drops had 35,0
(2,1-70) and on three eye drops 44,1 (14,6-72,5). Median OSDI score
raises gradually from 20.1 in those that were treated less than 1 year up
to 36.2 in those that are treated 5-7 years, and than againslightly falls
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up to 34.2 in those that receive therapy for more than 10 years (Figure
4; P=0.042).

Figure 3: OSDI scores in patients on 1, 2 or 3 or more antiglaucoma
medications

Figure 4: OSDI score in relation to the duration of therapy

Discussion
In this study we have observed a high prevalence of OSD symptoms

in patients treated for glaucoma -3/4 (75%) of glaucoma patients on
hypotensive medications have symptoms of OSD. Of those, 17% had
scores in accordance with mild OSD, 11% with moderate OSD and
47% with severe OSD. Our results show that glaucoma patients were
twice as likely to experience OSD symptoms, compared to control
group without glaucoma. Local antiglaucoma therapy, which patients
use every day for many years, may compromise the ocular surface. The
impact of OSD on quality of life is best shown by the utility study
performed by Schiffman et al. [14] who demonstrated how patients
viewed their dry eye disease in terms of quality of life compared with
angina pectoris. The study found that patients with severe OSD were
in the same range in terms of quality of life as those with severe
angina. The impact of OSD on visual function is also important.
Miljanovic et al. [15] showed that crucial daily activities of modern
living such as reading, computer use, professional work, driving and
watching television are all negatively impacted by OSD.

In this multicentre study 110 glaucoma patients and 50 control
subjects completed the OSDI survey. The OSDI is a valid and reliable
instrument for measuring the severity of dry eye disease, and it
possesses the necessary psychometric properties to be used as an end
point in clinical trials as proved by several clinical studies [10].

Fechtner et al. [8] also used OSDI to describe the prevalence of OSD
among glaucoma treated patients. In their study which enrolled 630
glaucoma patients, 48.4% of the patients reported mild to severe
symptoms which is significantly less compared to our results in which
3/4 of glaucoma patients had mild to severe OSD (47% with severe
OSD). The higher prevalence of OSD in our study may have several
explanations. This difference could be explained by the differences in
the selection of patients (more severe disease, differences in age,
duration of therapy and the type and number of medications used).
Patients enrolled in this study are all treated in the specialized
glaucoma departments for severe form of disease and most of them
have used multiple antiglaucoma eye drops for a long time period
(70,4% patients were treated for more than 7 years).

Previous studies are showing a strong correlation between the
number of IOP-lowering medications used and the presence of dry eye
[8,16,17]. Study by Rossi et al. [16] described the prevalence of OSD
and they wanted to assess quality of life in subjects with glaucoma. In
this study 40% of patients using 2 or 3 antiglaucoma medications had
symptoms of OSD, which is in line with our findings. Patients on a
single medication had the lowest median of OSDI score followed by
patients on 2 medications and the highest median was on 3 or more
medications. This difference was significant (P=0.048) (Figure 3).

In an international study published by Garcia-Feijoo et al. [18],
patients who had a glaucoma diagnosis of less than 6 years had a mean
OSDI score of 18 units, which is indicative of mild OSD, while patients
who had a glaucoma diagnosis of 6 years or longer had a mean OSDI
score that was significantly worse (P=0.03), indicating moderate OSD.
This is in accordance with our findings where OSDI score increases
with the duration of glaucoma disease and glaucoma therapy
(P=0.042) (Figure 4).

Figure 4 also shows that OSDI score tend to slightly fallin patients
that are on therapy for >10 years. This can be explained by another
factor that may complicate the assessment of OSD using OSDI and it is
corneal hypoesthesia. Corneal sensitivity tends to decrease with age
but it is also a consequence of long-term effect of preservative-
containing antiglaucoma eye drops on corneal surface [19,20]. The
chronic patients have less innervation of the ocular surface and as a
consequence experience less pain and discomfort which can result in
slightly better OSDI score.

We found that the OSD symptoms have been reported in 30% of
the normal subjects and in up to 75% of glaucoma subjects. Gosh et al.
[21] has also found similar results. A significant increase in the
prevalence of OSD signs was observed in the glaucoma population,
70.3%, compared to controls, 33% [21]. Studies have demonstrated the
possibility that interaction between glaucoma and OSD syndrome
increases because of topical ocular medications [5,8,22]. Once applied,
any topical medication exerts toxicity on ocular surface from the active
compound. The majority of medications used by our patients have
varying concentrations of benzalkonium chloride (BAK). Even in low
concentrations BAK can trigger apoptosis in human corneal and
conjunctival epithelial cells and it can cause chronic stromal
inflammation [23-25]. As a detergent, it disrupts the tear film after
only a single drop [26] and with the chronic use decreases the density
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of goblet cells in the conjunctival epithelium [27] which are producing
mucous layer of the tear film. In addition, it has a detergent effect on
corneal barrier function by breaking down the intercellular adhesion
which makes the tear film unstable and unable to maintain the healthy
ocular surface [28]. When patients are using multiple medications
there is a cumulative effect of BAK which may explain our finding that
OSDI scores increased with the number of IOP-lowering medications
used. Leung et al. reported that the use of more BAK-containing eye
drops was significantly associated with higher prevalence of abnormal
results in lissamine green test [9]. Another study evaluated the efficacy,
safety and tolerability of changing to travoprost BAK-free from prior
prostaglandin therapy in 691 patients with primary open-angle
glaucoma or ocular hypertension. All patients were switched from
latanoprost or bimatoprost to BAK-free travoprost for 12 weeks. OSD
scores improved from severe to moderate, from moderate to mild and
from mild to normal. There was also significant decrease in hyperemia
with travoprost BAK-free and equal or better IOP control. As for
patient preference, 72% of patients preferred travoprost without BAK
[29]. Those results agree with study of Pisella et al. [30] who showed
that symptoms and signs of OSD are more prevalent in glaucoma
patients using preservative –containing eyedrops compared with
patients using preservative -free eyedrops.

Our study included patients form four different Departments in
Croatia and Bosnia and Herzegovina in order to avoid selection biases
and have the representative sample for our region. To our knowledge
this is the first study that established the prevalence of OSD in
glaucoma patients using topical IOP therapy in our region. The
identical results were reported in different regions of Croatia and
Bosnia and Herzegovina in spite of climate and demographic
differences (inland and Mediterranean parts). We wanted to compare
our results on OSDI score in patients treated for open-angle glaucoma
with the published studies from other regions.

Our study has some limitations. Although OSDI questionnaire is
written in Croatian, questions 6-9 that concerne visual
symptomatology are not objective because patient cannot see because
of other ocular pathology, other than OSD symptoms. The OSDI
questionnaire is a subjective tool and it would be useful to have an
objective clinical test to assess the ocular surface, although the
correlation between OSDI scores and severity of clinical presentation
has been reported to be poor [9]. Furthermore we have not evaluated
the relationship between the type of medication used with OSDI score.
Many patients used different types of medications for different periods
of time, or were switched from one to another or to multiple
medications. Considering this it was difficult to evaluate the
relationship between the type of the medication and OSDI score. The
most frequent complaints of glaucoma patients using hypotensive
therapy in our sample were sensitivity to light, poor vision and
discomfort in windy conditions. In conclusion, despite its various
limitations, this study shows that OSD is a very serious problem in
patients treated for glaucoma. Three quarters of glaucoma patients on
hypotensive medications in Croatia and Bosnia and Herzegovina have
symptoms of OSD. Severity of symptoms correlated with the number
of IOP medications used and duration of hypotensive therapy.

The adverse effects of antiglaucoma medications can influence
compliance, success of treatment and can ultimately greatly influence
the quality of life of the glaucoma patients. We can provide a better
ocular surface for our patients by recommending to avoid
environmental circumstances such as dry air, long working hours in
front of computer and by switching from BAK preserved medication

to a medication with a smaller percentage of BAK, or BAK free. To
verify the beneficial influence of BAC free agents on OSD, further
studies that would include comparison of BAK and BAK free agents
are needed.
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