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A B S T R A C T  

Objective: The aim of this study was to assess the potential impact of 
antiglaucoma medication preservatives on ocular surface health and the 
subsequent development of dry eye symptoms. 
Methods: A non-randomized controlled trial study was conducted from March 
2023 to June 2023. The study enrolled 108 patients, with 54 participants in each 
group. Patients meeting the inclusion criteria, including confirmed diagnosis of 
glaucoma and stable ocular health, were allocated to Group A (preserved 
medication) or Group B (preservative-free medication). Tear Film Break-Up 
Time(TBUT) and Schirmer's test were employed as objective indicators of tear 
film stability and tear production respectively. Measurements were recorded at 
baseline and after a 3-month duration of medication use. 
Results: At 1st visit, mean TBUT was 10.87 sec and mean Schirmer's test was 
13.75 mm in group A while in group B it was 11.25 sec and 14.56 mm respectively. 
After 3 months of medication use, mean TBUT and mean Schirmer’s was 9.62 sec 
and 11.81 mm respectively in group A while in group B it was 10.18 sec and 13.18 
mm respectively. The results showed that initial ocular status was similar in both 
groups however the decrease in values showed ocular surface deterioration. 
Notably group A demonstrated a more substantial decline in tear production 
compared to group B. 
Conclusion: This study underscores the importance of both preserved and 
preservative-free anti-glaucoma medications. Although both may potentially 
exacerbate dry eye symptoms to a greater extent, preservative-free anti-
glaucoma may offer benefits in maintaining ocular surface health with long-term 
use. 
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Introduction 

Glaucoma is a condition which involves a long term, 

chronic and progressive optic neuropathy. Anti glaucoma 

medications are used to decrease the intraocular pressure 

and resultant vision loss in this condition.1 Glaucoma is 

expected to affect more than 111.8 million people 

worldwide over the age of 40 by the year 2040.2  In 

Pakistan alone, more than 1.8 million patients suffer from 

glaucoma and about half of them have suffered complete 

loss of vision. 3  

Dry eye syndrome (DES) is a multifactorial ocular 

condition characterized by discomfort, visual disturbance, 

and tear film instability, which can result in potential 

damage to the ocular surface. 4 It is a common clinical 
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problem affecting individuals worldwide, with various 

etiological factors contributing to its development. The use 

of topical anti-glaucoma medications are one of the most 

potent causes of dry eyes.5 However, the use of 

preservatives in preparation of these anti-glaucoma 

medications present a challenge and contribute to 

development of dry eye symptoms. 

These preservatives contribute towards making the 

ophthalmic solutions safe from microbial contamination. 

However, they have been found to cause ocular surface 

toxicity and adverse effects. These include eye irritation, 

ocular discomfort and result in exacerbation of dry eye 

symptoms.6,7 Multiple efforts have been made at 

minimizing the use of preservatives in anti-glaucoma 

drugs while maintaining the therapeutic efficacy. As a 

result, conducting studies on this matter becomes 

imperative. This necessity has spurred the development of 

preservative-free formulations of anti-glaucoma drugs, 

with the aim of minimizing potential ocular surface 

damage while retaining therapeutic efficacy. Thus, it is 

imperative to study the adverse effects of preservatives 

commonly present in glaucoma medications, especially 

concerning dry eyes.  

One such preservative which is noted to have adverse 

effects is benzalkonium chloride (BAK). It has the 

potential to cause inflammation and disrupt the integrity of 

the ocular surface. 8 Primarily it is the detergent-nature and 

property of BAK that can decrease TBUT by affecting tear 

film’s lipid layer. 9 

The prevalence of dry eye syndrome and its potential 

exacerbation using preserved anti-glaucoma medications 

(10), a condition which affects 1.8 million Pakistanis  

provide a strong rationale for this study. 3 Currently, there 

is no recent original research on this topic in the Pakistani 

population, except a correspondence paper which 

reviewed the potential connection of  a preservative free 

eye drops to for glaucoma with P. aeruginosa infections in 

published literature. 11 This study employs a randomized 

controlled trial design to compare the effects of preserved 

and preservative-free anti-glaucoma drugs in causing dry 

eyes among patients with glaucoma. The research aims to 

provide valuable insights that contribute to the 

optimization of glaucoma management, balancing 

therapeutic efficacy with ocular surface health.  

Methodology 

This study was a non-randomized controlled trial, 

conducted at the Department of Ophthalmology, Fauji 

Foundation Hospital, Rawalpindi from March 2023 to 

June 2023. A total of 108 patients were enrolled divided in 

2 groups of 54. The sample size was calculated via 

comparing the incidence of moderate Schirmer test in 

patients treated with preservative free (0%) and 

preservative containing (13.3%) eye drops. 12 The sample 

size was calculated via the online Med Calc sample size 

calculator (https://clincalc.com/stats/samplesize.aspx) .13 

The inclusion criteria encompassed adults aged 18 years 

and older who had a confirmed diagnosis of open angle 

glaucoma, necessitating treatment with anti-glaucoma 

medication. Exclusion criteria excluded individuals below 

the age of 18, those with secondary glaucoma or ocular 

hypertension not requiring medical treatment, participants 

who had switched between preserved and preservative-

free anti-glaucoma medications within the preceding 3 

months, as well as those with active ocular infections, 

ocular surface disease, or other significant ocular 

pathology.  

Informed consent was obtained from all participating 

patients. Patients were divided into two groups, with 54 

patients allocated to each of the two groups. The first 

group (Group A) received the anti-glaucoma drug 

containing preservatives while the second group (Group 

B) was administered the preservative-free version of the 

drug. Both drugs had same combination i.e dorzolamide 

2% and timolol 0.5%.  

To assess the impact of the different formulations on 

ocular health, TBUT and Schirmer’s test were performed 

at baseline. Following the baseline measurements, 

participants from both groups received their respective 

medications for a duration of 3 months. Subsequently, 

TBUT and Schirmer’s tests were repeated.  

Schirmer 1 Test is performed to measure the total tear flow 

with the help of a filter paper sheet. The filter paper was 

inserted into the conjunctival sac right in between the 

middle and lateral one third of the eyelid. The sheet 

absorbed the tears which were them measured in 

millimeters. The classification was defined as: ‘Normal’; 

>10 mm, Moderate: 6-10 mm whereas ‘Severe: 3-5mm. 

Furthermore, TBUT test was performed using a 

fluorescein containing paper that was already dipped in a 

drop of normal saline. The paper was introduced inside the 

inferior fornix. The patients were asked to not to blink and 

the time between the last blink and the first black point or 

breaking of tear fil was observed. The classification was 

defined as: Normal: >10 sec; Moderate 6-10 sec and 

Severe: 5 seconds.12 

https://clincalc.com/stats/samplesize.aspx
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In this way, we assessed the effectiveness of preservative 

free medication as compared to preservative containing 

medication. The effectiveness is defined here as the degree  

of healing effect i.e., TBUT test and Schirmer test scores 

on glaucoma patients caused by either intervention.12 

Data was analyzed via SPSS version 26. The mean and 

standard deviation were calculated for age, TBUT score 

(sec), and Schirmer’s test (mm). The p-value was obtained 

via the independent samples t-test. A p-value less than 0.05 

was considered significant. 

Results  

The mean age of the patients enrolled in Group A was 

34.88 ±10.22 years, whereas in Group B it was 34.44 ± 

10.32 years. The TBUT score (sec) of the patients was 

checked upon their 1st visit. The mean TBUT score (sec) 

at 1st visit was 10.90 ± 1.43 sec (p<0.001) in patients of 

Group A whereas it was 11.22 ± 1.43 sec (p<0.001) in 

patients in Group B as shown in Table I. 

After 3 months, the TBUT score was assessed again. It was 

observed that in Group A, the TBUT score was 9.68 ± 1.25 

sec (p<0.001) whereas in Group B it was observed as 10.1 

± 1.16 sec (p<0.001). Thus, the TBUT score was observed 

to be decreased in both groups as shown in Table I. 

The results of the TBUT were further categorized as 

normal or abnormal based on the values. The TBUT score 

greater or equal to 10 sec was determined as normal 

whereas lower than 10 sec was considered abnormal. The 

frequency and percentage of categorization based on 

TBUT is given in Table II. 

Schirmer’s Test (mm) was observed at the 1st visit of the 

patients. In group A, the mean of Schirmer’s test score 

(mm) was 13.77 ± 2.27 mm (p<0.001) and in group B, the 

mean was observed to be 14.51 ± 2.35 mm (p<0.001) as 

depicted in Table III. 

Schirmer’s test (mm) was also observed after 3 months of 

the initial visit. In group A, the mean of Schirmer’s test 

score (mm) was 11.94 ± 2.54 mm (p<0.001) and in group 

B, the mean was observed to be 13.18 ± 1.37 mm 

(p<0.001) as depicted in Table III. 

The results of Schirmer’s test were further categorized as 

moderate or severe based on the values. The Schirmer’s 

score greater or equal to 10 mm was determined as 

moderate whereas lower than 10 mm was considered 

severe. The frequency and percentage of categorization 

based on Schirmer’s is given in Table IV. 

 

Discussion  

In this study, we have compared the effects of preserved 

and preservative-free anti-glaucoma medications in 

causing dry eyes among patients diagnosed with 

glaucoma.  

The TBUT test is widely used to assess tear film stability, 

with a reduced TBUT being indicative of poor tear film 

integrity. The initial TBUT measurements demonstrated 

comparable results in both groups, indicating that the 

ocular health of participants was relatively consistent at the 

onset of the study. The mean TBUT score (sec) at 1st visit 

was 10.90 ± 1.43 sec (p<0.001) in patients of Group A 

whereas it was 11.22 ± 1.43 sec (p<0.001) in patients in 

Group B. However, after 3 months, it was observed that in 

Table I: Comparison of mean of TBUT score (sec) in patients 

prescribed the drug with preservative and without 

preservative at the 1st visit and after 3 months.  

Case Type  Mean SD p-value 

TBUT (sec) at 1st visit (N=54)  

Drug with preservative (Group A) 10.90 1.43 <0.001 

Drug without preservative (Group B) 11.22 1.43 

TBUT (sec) at 3rd month (n=16)  

Drug with preservative (Group A) 9.68 1.25 <0.001 

Drug without preservative (Group B) 10.1 1.16 

Table II: Categorization of TBUT scores in Groups A and B 

via Chi-square test. 

 

TBUT Scores 

Categorization 

p-value Normal Abnormal 

Case Type Drug with 

preservative 

31 23  

0.007 

 Drug without 

preservative 

44 10 

Total 75 33 

Table III: Comparison of mean of Schirmer’s Test score 

(mm) in patients prescribed the drug with preservative and 

without preservative at 1st visit. 

Case Type  Mean SD p-value 

Schirmer's Test (mm) at 1st visit (n=16)  

Drug with preservative (Group A) 13.77 2.27  

<0.001 Drug without preservative (Group B) 14.51 2.35 

Schirmer's Test at 3 months  

Drug with preservative (Group A) 11.94 2.54 <0.001 

Drug without preservative (Group B) 13.18 1.37 

Table VI: Categorization of Schirmer's scores via Chi-

square test. 

 

Schirmer Score Categories 

p-value Normal Abnormal 

Case 

Type 

Drug with 

preservative 

45 9  

 

0.002 Drug without 

preservative 

54 0 

Total 99 9 
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Group A, the mean TBUT score was 9.68 ± 1.25 sec 

(p<0.001) whereas in Group B it was observed as 10.12 ± 

1.16 sec (p<0.001). In line with these findings, Lee et al. 

also demonstrated that TBUT when using preserved-

prostaglandins analogue (PGAs) tends to be worse 

compared to when using preservative-free prostaglandins 

analogues (PF-PGAs). After the 6th month follow-up, 

TBUT was 5.00 ± 1.88 (sec) while using preservative-free 

tafluprost (NPT). When switched to a preservative 

containing tafluprost (PT) for the next 6 months, TBUT 

was 3.60 ± 2.07 (sec) after utilizing PT (P-value = 0.06) 

(14). Kim KE et al.   also reported that the TBUT score was 

5.61 ± 1.72 in drugs with preservatives whereas it was 

7.27 ± 2.96 (p<0.05) in a preservative-free group.2 In 

another study, TBUT was increased from 5.1 ± 2.3 sec to 

10.1 ± 3.6 sec at 12 weeks of shifting to of preservative 

free tafluprost. 15 

Mohamed et al. also reported that among the patients who 

were administered PF-PGAs, 80% exhibited normal 

values TBUT, which was defined as greater than 10 

seconds. In contrast, only 13.3% of patients who received 

preserved PGAs had normal TBUT values, and this 

difference was statistically significant (P-value<0.001).12 

These percentages are very similar to our study where 

81.5% exhibited normal TBUT scores (10 seconds or 

greater) in a preservative-free group as compared to 57.4% 

in the preservative group after 3 months of administration. 

Schirmer's test, a measure of tear production, revealed 

interesting trends in our study. At baseline, both groups 

exhibited relatively similar Schirmer's test scores. In group 

A, the mean of Schirmer’s test score (mm) was 13.77 ± 

2.27 mm (p<0.001) and in group B, the mean was observed 

to be 14.51 ± 2.35 mm (p<0.001). However, 3 months after 

the initial visit, in group A, the mean Schirmer’s test score 

(mm) was 11.94 ± 2.54 mm (p<0.001) and in group B, the 

mean was observed to be 13.18 ± 1.37 mm. This 

discrepancy suggests that the presence of preservatives 

might contribute to a more pronounced reduction in tear 

production over time. Our results align with those of 

Mohamed et al.  who found that the Schirmer test showed 

significant differences between the two groups. In the 

group that received PF- PGAs, 80% of patients had normal 

values (wetting of the Schirmer paper >10mm), while only 

13.3% in the other group had normal values (p-value 

<0.001). Conversely, 13.3% of patients in the 

preservative-free group exhibited a moderate Schirmer 1 

test result (≤10 mm wetting of the paper), and 6.7% had a 

severe decrease in Schirmer test values (>5 mm wetting of 

Schirmer paper). This was in contrast to the preservative 

group, where 66.7% had moderate results, and 20% had 

severe results.12 A similar trend in percentages is shown in 

our study where 83.3% had moderate Schirmer 1 in 

preservative-loaded medication whereas 100% had 

moderate values without preservatives. Uusitalo et al. 

observed that the percentage of patients with abnormal 

Schirmer’s test results at the beginning of latanoprost 

treatment was 71.5%. After the 6th and 12th week of 

treatment with preservative-free tafluprost, the 

percentages decreased to 61.5% and 59.4%, respectively 

(p-value = 0.003 at 12 weeks).16  

The comparison of the two outcome measures—TBUT 

and Schirmer's Test—suggests that while both preserved 

and preservative-free medications might lead to decreased 

tear film stability and tear production, the impact appears 

to be more pronounced in the group receiving the 

preserved medication. In a study, prevalence of ocular 

surface disease was assessed to be higher in patients using 

preserved antiglaucoma medication as compared to those 

not using any topical medications.17 A review article 

concluded that preserved formulations of ophthalmic 

medications limits their usage due to their adverse effects 

so preservative free formulations are needed for chronic 

ocular conditions.7  

The main culprit behind the disruption of membrane 

integrity is considered to be BAK. In order to battle the 

cholera pandemic, Gustav Raupenstrauch developed 

BAK, the most extensively used preservative in eye drops 

today, as an antiseptic disinfectant in Germany in 1889 (2). 

BAK destabilizes the tear film when added to eye drops, 

causing inflammation, squamous metaplasia, and fibrotic 

alterations in the conjunctiva. It also destabilizes the lipid 

layer of pathogen cell membranes.2 

Walsh K also observed that the ocular symptoms resulting 

from preservatives anti-glaucoma medications, 

encompassing sensations of discomfort during eye drop 

application, sensations of burning/stinging, a feeling akin 

to a foreign object in the eye, dryness, excessive tearing, 

and itching of the eyelids.10 

However, it is essential to acknowledge the limitations of 

this study. The sample size was relatively small, and the 

study duration was limited to 4 months. Long-term effects 

of anti-glaucoma medications on dry eyes should be 

explored in larger, longitudinal studies. Additionally, 

individual variations in response to medications and 

potential confounding factors, such as environmental 

conditions and other concomitant medications, were not 

addressed in this study. 
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Conclusion  

Conclusively, this study provides valuable insights into the 

effect of preservatives in anti-glaucoma medications on 

the Pakistani population. The study shows that addition of 

preservatives leads to significant adverse effects on tears 

contributing towards dry eye disease as is proved by the 

different outcomes of TBUT and Schirmer 1 test of the 

patient population. This study thus advocates the need for 

adoption of preservative free anti-glaucoma medications 

in clinical practice in Pakistan. 
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