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Mat e r i a l s a n d Me t h o d s

This cross-sectional, prospective chart review was conducted in 
glaucoma clinics of a tertiary care, government sector hospital 
(group I) and a tertiary care, private sector hospital (group II) 
from June 2023 to July 2023. The study followed the tenets of the 
Declaration of Helsinki, 1964.

In t r o d u c t i o n

Drug ut i l iz at ion s tudies  are a  cr i t ical  comp onent of 
pharmacoepidemiology and are a real-world indicator of 
prescription patterns. The analysis of prescriptions helps promote 
the rational use of drugs and minimize their misuse.1

Medical management is the mainstay of glaucoma therapy, 
with several antiglaucoma drugs available, with innumerable brand 
names, at varying costs. The irrational and inappropriate use of 
medication is a major concern worldwide, across disciplines, and 
glaucoma is no exception.2–6

Even though polypharmacy is considered a major predictor 
of irrational drug use, several glaucoma patients require more 
than one drug, especially with increasing duration and severity of 
disease.7,8 This affects all aspects of glaucoma management: quality 
of life, side effects, compliance, and economics.

Despite this, drug utilization studies in glaucoma are few.9–12 
To the best of our knowledge, there are no drug utilization 
studies in glaucoma that compare the prescription patterns 
of private and public hospitals in developing countries such 
as India.

Therefore, this study was carried out to determine and compare 
the prescription patterns in the real-world setting in two glaucoma 
clinics in North India: one in a public sector, state-sponsored tertiary 
care center, and the second in a tertiary care private hospital in the 
same region.
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Ab s t r ac t
Background: Glaucoma is an optic neuropathy associated with characteristic structural damage to the optic nerve and associated visual 
dysfunction that may be caused by various pathological processes. A number of pharmacological agents are used to reduce the intraocular 
pressure (IOP), involving the usage of two or three medications concurrently. Literature is sparse regarding prescription patterns of antiglaucoma 
drugs, especially regarding variability in public sector vs private sector hospitals. Drug utilization studies can add insight for crafting rational, 
affordable, and ocular surface friendly prescriptions.
Aim: This study assessed the prescription pattern in glaucoma patients of a public sector, tertiary care hospital vs a private sector tertiary care 
hospital.
Materials and methods: In this retrospective study, pertinent data of diagnosed and labeled glaucoma patients were reviewed. Data collected 
included demographic details, type of glaucoma, number and nature of drugs prescribed, whether innovator or generic drugs were prescribed, 
if fixed-drug combinations (FDCs) and preservative-free formulations were prescribed. The prescription patterns between the two sectors 
were compared, as were the prescription patterns between primary open-angle glaucoma (POAG) and primary angle-closure disease (PACD).
Results: A total of 336 prescriptions were evaluated (216 from public sector, group I; 120 from private sector, group II). Travoprost 0.004% was 
the most prescribed antiglaucoma medication in both group I (30.09%) and group II (38.33%). Brimonidine and brinzolamide (14.17%) was the 
most prescribed combination in group II, while Brimonidine with Timolol (7.87%) in group I. In group I, Timolol and Travoprost were the most 
prescribed medications for both PACD and POAG.
Conclusion: This study showed that both public sector as well as private sector tertiary care centers prescribe antiglaucoma medications in 
tune with current principles of rational drug use. Preservative-free drugs were preferred in both the groups for better adherence.
Keywords: Fixed-dose combinations, Generic drug, Glaucoma, Innovator drug, Prescription, Preservative free.
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and primary angle-closure glaucoma (PACG) using the Foster’s 
classification cited in the American Academy of Ophthalmology 
Preferred Practice Guidelines.14

Re s u lts

A total of 336 prescriptions were evaluated, comprising 216 from 
the tertiary care public (government) sector hospital (group I) and 
120 from a tertiary care private sector hospital (group II). The mean 
age of the patient cohort was comparable, 58.40 ± 15.46 years in 
group I compared to 59.72 ± 13.21 years in group II.

There was a female preponderance, 62.96%, in group I compared 
to only 41.66% of the patients in group II. The most common patient 
presentation in both sectors was POAG followed by PACD. These 
patient characteristics have been summarized in Table 1.

While comparing the prescription patterns between the two 
sectors, travoprost 0.004% was the most prescribed antiglaucoma 
medication in both group I (30.09%) and group II (38.33%). 
It was closely followed by timolol (29.63%) and dorzolamide 
(9.72%) in group I and bimatoprost (37.50%) and brinzolamide 
(37.50%) in group II. Furthermore, a significantly higher number 
of bimatoprost, latanoprost, brimonidine, and brinzolamide were 
prescribed in group II compared to group I (p < 0.05). In group I, 
bimatoprost and brimonidine were predominantly prescribed as 
branded formulations, whereas dorzolamide and latanoprost were 
predominantly prescribed as generic formulations. In comparison, 
in group II, brimonidine, bimatoprost, and brinzolamide were 
primarily prescribed as branded formulations, and Tafluprost and 
Dorzolamide were mainly prescribed as generic ones. A significantly 
higher number of branded formulations of latanoprost were 
prescribed in group II (p = 0.023), and a significantly higher number 
of generic formulations of travoprost were prescribed in group I (p = 
0.043). Preservative-free drugs were exclusively prescribed in group 
I. Among them, travoprost and timolol were the most prescribed 
medications (27.31% each).

Among the FDCs, brimonidine and brinzolamide (14.17%) were 
the most prescribed combination in group II and brimonidine with 
timolol (7.87%) in group I. Significantly higher numbers of travoprost 
with timolol combinations were prescribed in group I compared 
to significantly higher numbers of brimonidine with brinzolamide 
prescriptions in group II (p < 0.05). Preservative-free fixed-dose 
combinations were exclusively prescribed in group I, with 
brimonidine with timolol being the most common prescription. 
The descriptive and comparative data on the prescription patterns 
are summarized in Table 2.

We further compared the prescription patterns between the 
two most common patient presentations, PACD and POAG, in both 
the groups separately. In group I, timolol and travoprost were the 
most prescribed medications for both PACD and POAG. Among the 
innovator (branded) formulations, travoprost, brimonidine, and 
bimatoprost were the most prescribed ones in both the groups. 
In patients with PACD, timolol, latanoprost, dorzolamide, and 
pilocarpine were exclusively prescribed as generic formulations, 
similarly in patients with POAG, ripasudil, dorzolamide, and timolol 
were only prescribed as generic formulations.

Timolol was the most prescribed preservative-free drug for 
PACD and was significantly more prescribed when compared 
to patients with POAG (p = 0.048). Latanoprost was the most 
prescribed preservative-free medication for POAG in this sector. 
Brimonidine with timolol (19.51%) was the most prescribed 
preservative-free fixed-dose combination in patients with PACD 

The study participants included 336 consecutive glaucoma 
patients who had attended the glaucoma clinics between January 1, 
2023 and June 30, 2023, in both hospitals. Patients with a confirmed 
diagnosis of glaucoma were included in the study. Those with 
any other ophthalmic comorbidities were excluded from this 
retrospective chart review.

Data collected included demographic details, type of glaucoma, 
number and nature of drugs prescribed, whether innovator or generic 
drugs were prescribed, if fixed-drug combinations (FDCs) were 
prescribed, and if preservative-free formulations were prescribed.

An innovator drug refers to a branded drug under patent 
protection, while a generic drug refers to drug formulations 
manufactured by companies other than the parent company, 
once the patent and in turn the market exclusivity rights for the 
company expire.13

Preservative-free drugs in our study referred to benzalkonium 
chloride (BAK)—free preserved antiglaucoma medicines (using 
alternative preservatives to BAK).

Stat i s t i c a l An a lys i s

Data were presented as mean [standard deviation (SD)] or 
percentage (%). Outcomes included the number of patients on 
monotherapy, polytherapy, or fixed-dose combinations; number 
of patients prescribed generics, branded or both; and the number 
of patients prescribed preservative-free formulations. Data was 
analyzed using Microsoft Excel and R.

The prescription patterns between the two sectors were 
compared, as was the prescription patterns between primary 
open-angle glaucoma (POAG) and primary angle-closure disease 
(PACD). PACD referred to an umbrella term for patients classified as 
primary angle-closure suspect (PACS), primary angle closure (PAC), 

Table 1:  Descriptive data about the study participants

Group I Group II

Number of participants 216 120
Age (±SD; in years) 58.40 ± 15.46 59.72 ± 13.21
Gender

Male 37.04% (80) 58.33% (70)
Female 62.96% (136) 41.66% (50)

Diagnosis
POAG 59.72% (129) 34.17% (41)
PACG 15.74% (34) 32.50% (39)
PACS 1.85% (4) –
PAC 1.39% (3) –
OHTN 2.78% (6) 10.00% (12)

Secondary open-angle 
glaucoma (SOAG)

11.57% (25) 4.16% (5)

Secondary angle-closure 
glaucoma (SACG)

4.63% (10) 3.33% (4)

Juvenile open-angle 
glaucoma (JOAG)

0% (0) 5.83% (7)

NTG 1.39% (3) 5.00% (6)
Traumatic OHTN – 1.67% (2)
Uveitic OHTN – 1.67% (2)
Congenital glaucoma 0.93% (2) 0.83% (1)
Average number of 
medication prescriptions

1.98 ± 0.99 1.92 ± 1.11

Average number of bottles 1.41 ± 0.59 1.51 ± 0.64
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Table 2:  Comparison of the overall prescription patterns between the two groups

Name of topical medication
Group I (n = 216) 

% (No. of patients)
Group II (n = 120) 

% (No. of patients) p-value

Bimatoprost 7.87% (17) 37.50% (45) <0.0001
Latanoprost 6.02% (13) 15% (18) 0.0114
Travoprost 30.09% (65) 38.33% (46) 0.1562
Tafluprost 0.46% (1) 0.83% (1) 1
Timolol 29.63% (64) 30% (36) 1
Brimonidine 6.48% (14) 26.67% (32) <0.0001
Brinzolamide 3.70% (8) 37.50% (45) <0.0001
Dorzolamide 9.72% (21) 4.17% (5) 0.1067
Netarsudil – 0.83% (1) 1
Ripasudil 1.39% (3) – 1
Pilocarpine 0.46% (1) – 1
Branded (innovator) drug/total number of drug users

Bimatoprost 88.23% (15/17) 97.77% (44/45) 0.7723
Latanoprost 7.69% (1/13) 77.77% (14/18) 0.0231
Travoprost 46.15% (30/65) 97.82% (45/46) 0.0416
Tafluprost 100% (1/1) 0% (0/1) –
Timolol 0% (0/64) 72.22% (26/36) –
Brimonidine 78.57% (11/14) 90.62% (29/32) 0.6234
Brinzolamide 37.5% (3/8) 71.11% (32/45) 0.5521
Dorzolamide 0% (0/21) 20% (1/5) –
Netarsudil – 0% (0/1) –
Ripasudil 0% (0/3) – –
Pilocarpine 0% (0/1) – –

Generic molecule/total number of drug users
Bimatoprost 11.76% (2/17) 2.22% (1/45) 0.4186
Latanoprost 92.31% (12/13) 22.22% (4/18) 0.1102
Travoprost 53.84% (35/65) 2.17% (1/46) 0.0431
Tafluprost 0% (0/1) 100% (1/1) –
Timolol 100% (64/64) 27.77% (10/36) 0.2213
Brimonidine 21.43% (3/14) 9.37% (3/32) 0.6585
Brinzolamide 62.5% (5/8) 28.88% (13/45) 0.6623
Dorzolamide 100% (21/21) 80% (4/5) 0.8234
Netarsudil – 100% (1/1) –
Ripasudil 100% (3/3) – –
Pilocarpine 100% (1/1) – –

Preservative free/total number of drug users
Bimatoprost 35.29% (6/17) 93.33% (42/45) 1
Latanoprost 76.92% (10/13) 55.55% (10/18) 1
Travoprost 76.92% (50/65) 86.95% (40/46) 1
Tafluprost 100% (1/1) 100% (1/1) –
Timolol 31.25% (20/64) 72.22% (26/36) 1
Brimonidine 100% (13/13) 100% (32/32) 1
Brinzolamide 40% (2/5) 28.88% (13/45) 1
Dorzolamide 0% (0/21) 0% (0/5) 1
Netarsudil – 0% (0/1) –
Ripasudil 0% (0/3) – 1

FDC without preservative
Bimatoprost + timolol 6.94% (15) 10% (12) 0.4367
Travoprost + timolol 7.40% (16) 1.67% (2) 0.0469

� Contd…
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In our study, we found that the mean drugs in the 
prescriptions from both centers were comparable: 1.98 ± 0.99 
and 1.92 ± 1.11, in 1.41 ± 0.59 and 1.51 ± 0.64, from the public 
and private hospitals, respectively. In a naturalistic evaluation 
of glaucoma prescription patterns from the glaucoma clinic 
of a tertiary care hospital in the same region, Niraj et al.6 had 
reported that the mean drugs in the prescriptions from their 
hospital was 2.18 ± 1.68, while the same was 5.04 ± 1.52 in cases 
referred to their center from other hospitals. While the five drugs 
to a prescription may be explained by the fact that only those 
patients who are not controlled on maximal medical therapy 
(MMT) are referred to a tertiary care center, it may be interesting 
to compare the prescription patterns of glaucoma specialists 
with those from general ophthalmologists to better understand 
drug utilization patterns in the region.

The most prescribed drops in both groups were prostaglandin 
analogs (PGAs), with travoprost being the most commonly 
prescribed PGA (30.09% in group I and 38.33% in group II). The 
next most prescribed drugs were bimatoprost and brinzolamide in 
group II (37.50% each) and timolol in group I (29.63%). However, the 
prescriptions from the two hospitals were not similar in this regard: 
timolol (29.63%) and dorzolamide (9.72%) were second and third in 
the public hospital, while bimatoprost (37.50%) and brinzolamide 
(37.50%) in the private hospital.

The use of FDCs is recommended in chronic diseases whenever 
polypharmacy is required. In glaucoma, FDCs decrease schedule 
complexity and the burden of preservatives, thereby increasing 
adherence. Interestingly, brimonidine and brinzolamide (14.17%) 
was the most prescribed FDC in the private sector hospital, while 
brimonidine with timolol (7.87%) in the public sector hospital. 
Moreover, significantly higher numbers of travoprost with timolol 
FDCs were prescribed in the latter compared to significantly higher 
numbers of brimonidine with brinzolamide prescriptions in the 
former (p < 0.05). Preservative-free FDCs, the most common being 
brimonidine with timolol, were exclusively prescribed in the public 
hospital. Given the preponderance of prescriptions of innovator 
drugs in the private hospital (group II), this could be explained by 
the fact that no preservative-free innovator brands are currently 
available in the region.

compared to travoprost with timolol (17.83%) in patients with POAG. 
The comparative data of the prescription patterns in patients with 
PACD and POAG in group I have been summarized in Table 3.

In group II, travoprost (41.03%) was the most prescribed 
medication for PACD followed by timolol (35.90%), whereas 
bimatoprost and travoprost (41.46%) were the most prescribed 
medications for POAG. A significantly higher proportion of 
the drugs prescribed in group II were branded formulations. 
Bimatoprost, travoprost, and brimonidine were the most prescribed 
branded formulations in both PACD and POAG patients. There was a 
significantly higher number of brimonidine with timolol fixed-dose 
combination prescriptions for PACD compared to POAG (p = 0.0412). 
Comparative analysis of the prescription patterns for PACD and 
POAG in group II have been summarized in Table 4.

Di s c u s s i o n

Drug pattern monitoring studies for glaucoma are critical in 
promoting rational drug usage, and also provide a real-world 
evaluation of prescription patterns. In this study, we also aimed 
to compare the differences in prescription patterns in two 
superspeciality glaucoma clinics, given that access to healthcare, 
as well as health-seeking behavior is presumably different between 
those who are served by public and private sector hospitals.

In our study, we found a preponderance of POAG, with 60% 
of patients from the public sector hospital having POAG and 23% 
having PACD (PACG 16%). The private sector hospital, on the other 
hand, reported almost equal numbers of POAG and PACG (34 and 
32.5%, respectively) cases. Interestingly, more men (58%) visited 
private hospitals, while more women visited the public sector 
hospital (63%). The incidence of normal tension glaucoma (NTG) 
and ocular hypertension (OHTN) was 1.4 and 5%, and 2.8 and 10%, 
in the public and private sector cohorts, respectively.

The average number of drugs per prescription is a key indicator 
of rational drug use. Even though most glaucoma patients require 
more than one drug in their clinical lifetime, polypharmacy 
increases the risk of adverse drug reactions and an increased 
incidence of ocular surface diseases (OSD). It, consequently, also 
adversely impacts adherence and persistence because of increasing 
cost of therapy as well as schedule complexity.

Contd…

Name of topical medication
Group I (n = 216)

% (No. of patients)
Group II (n = 120)

% (No. of patients) p-value

Latanoprost + timolol – – –
Tafluprost + timolol – – –
Brimonidine + timolol 7.87% (17) 9.17% (11) 1
Brinzolamide + timolol 0.46% (1) 1.67% (2) 1
Brimonidine + brinzolamide 1.85% (4) 14.17% (17) <0.0001
Dorzolamide + timolol 3.70% (8) 3.33% (4) 1

FDC with preservative
Bimatoprost + timolol 6.02% (13) – 1
Travoprost + timolol 14.81% (32) – 1
Latanoprost + timolol 2.31% (5) – 1
Tafluprost + timolol – – –
Brimonidine + timolol 17.13% (37) – 1
Brinzolamide + timolol 1.85% (4) – 1
Brimonidine + brinzolamide 7.41% (16) – 1
Dorzolamide + timolol 6.02% (13) 1.67% (2) 1

Bold values indicate statistically significant values
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Table 3:  Comparison of the prescription patterns between PACD and POAG in group I (government sector)

Name of the medication PACD (n = 41) POAG (n = 129) p-value

Bimatoprost 4.88% (2) 7.75% (10) 0.6129
Latanoprost 4.88% (2) 5.42% (7) 0.9713
Travoprost 26.83% (11) 30.23% (39) 0.7242
Tafluprost – 0.78% (1) 1
Timolol 39.02% (16) 21.70% (28) 0.6142
Brimonidine 12.20% (5) 4.65% (6/129) 0.1383
Brinzolamide 2.44% (1) 5.43% (7/129) 0.7162
Dorzolamide 9.76% (4) 5.43% (7/129) 0.537
Ripasudil – 2.33% (3/129) 1
Pilocarpine 2.44% (1/41) – 1
Innovator (branded drugs)/total number of drug users

Bimatoprost 100% (2/2) 80% (8/10) 0.6813
Latanoprost 0% (0/2) 14.28% (1/7) –
Travoprost 54.54% (6/11) 51.28% (20/39) 0.9672
Tafluprost – 100% (1/1) –
Timolol 0% (0/16) 0% (0/28) –
Brimonidine 60% (3/5) 83.33% (5/6) 0.6284
Brinzolamide 100% (1/1) 28.57% (2/7) 0.1362

Generic molecule/total number of drug users
Bimatoprost 0% (0/2) 20% (2/10) –
Latanoprost 100% (2/2) 85.71% (6/7) 0.7821
Travoprost 45.45% (5/11) 48.71% (19/39) 0.8612
Timolol 100% (14/14) 100% (28/28) 1
Brimonidine 40% (2/5) 16.67% (1/6) 0.1052
Brinzolamide 0% (0/1) 71.43% (5/7) –
Dorzolamide 100% (4/4) 100% (7/7) 1
Ripasudil – 100% (3/3) –
Pilocarpine 100% (1/1) – –

Preservative free
Bimatoprost 4.88% (2) 3.88% (5) 1
Latanoprost 2.44% (1) 6.98% (9) 0.4872
Travoprost 21.95% (9) 33.33% (43) 0.2367
Timolol 36.59% (15) 22.48% (29) 0.0485
Brimonidine 7.32% (3) 3.88% (5) 0.629
Brinzolamide – 3.10% (4) 1
Dorzolamide 4.88% (2) 3.88% (5) 1
Ripasudil – 3.10% (4) 1

FDC without preservative
Bimatoprost + timolol 9.76% (4) 4.65% (6) 0.407
Travoprost + timolol 4.88% (2) 9.30% (12) 0.5676
Brimonidine + timolol 9.76% (4) 5.43% (7) 0.537
Brinzolamide + timolol – 0.78% (1) 1
Brimonidine + brinzolamide 2.44% (1) 2.33% (3) 1
Dorzolamide + timolol 2.44% (1) 3.10% (4) 1

FDC with preservative
Bimatoprost + timolol 9.76% (4) 4.65% (6) 0.407
Travoprost + timolol 7.32% (3) 17.83% (23) 0.1696
Latanoprost + timolol – 3.88% (5) 1
Brimonidine + timolol 19.51% (8) 12.40% (16) 0.3781
Brinzolamide + timolol 2.44% (1) 2.33% (3) 1
Brimonidine + brinzolamide 7.32% (3) 6.98% (9) 1
Dorzolamide + timolol 7.32% (3) 4.65% (6) 0.792

Bold values indicate statistically significant values
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The main limitation of this study is that the results may not be 
generalized to all tertiary care sectors of public or private sectors. 
Prospective studies with larger sample sizes and multiple sites 
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Additionally, only acetazolamide, mannitol, latanoprost, 
pilocarpine, and timolol are the antiglaucoma drugs listed in 
the National List of Essential Medicines (NLEM) 2022.15 More 
prescription-related data may also result in the addition of other 
classes of antiglaucoma drugs to the NLEM.
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Table 4:  Comparison of the prescription patterns between PACD and POAG in group II (private sector)

Name of the medication PACD POAG p-value

Bimatoprost 33.33% (13/39) 41.46% (17/41) 0.3212
Latanoprost 15.38% (6/39) 12.20% (5/41) 0.8160
Travoprost 41.03% (16/39) 41.46% (17/41) 1
Tafluprost – 2.44% (1/41) 1
Timolol 35.90% (14/39) 21.95% (9/41) 0.2110
Brimonidine 33.33% (13/39) 17.07% (7/41) 0.1171
Brinzolamide 28.21% (11/39) 39.02% (16/41) 0.6342
Dorzolamide 2.56% (1/39) 4.88% (2/41) 0.9811
Innovator (branded) drugs/total number of drug users

Bimatoprost 92.31% (12/13) 100% (17/17) 0.7312
Latanoprost 83.33% (5/6) 80% (4/5) 0.8841
Travoprost 93.75% (15/16) 100% (17/17) 1
Tafluprost – 100% (1/1) 1
Timolol 85.71% (12/14) 77.78% (7/9) 0.8344
Brimonidine 92.31% (12/13) 71.43% (5/7) 0.1071
Brinzolamide 72.72% (8/11) 93.75% (15/16) 0.7512
Dorzolamide 100% (1/1) 0% (0/2) –

Generic molecule/total number of drug users
Bimatoprost 7.69% (1/13) 0% (0/17) –
Latanoprost 16.67% (1/6) 20% (1/5) 0.7223
Travoprost 6.25% (1/16) 0% (0/17) –
Tafluprost – 100% (1/1) –
Timolol 14.28% (2/14) 22.22% (2/9) 0.7682
Brimonidine 7.69% (1/13) 28.57% (2/7) 0.3118
Brinzolamide 27.27% (3/11) 6.25% (1/16) 0.2461
Dorzolamide 0% (0/1) 100% (2/2) –

FDC without preservative
Bimatoprost + timolol 7.69% (3) 9.76% (4) 0.8145
Travoprost + timolol 2.56% (1) 2.44% (1) 1
Brimonidine + timolol 15.38% (6) 2.44% (1) 0.0412
Brinzolamide + timolol 2.56% (1) – 1
Brimonidine + brinzolamide 12.82% (5) 12.20% (5) 1
Dorzolamide + timolol 2.56% (1) 7.32% (3) 0.5412

FDC with preservative: None
Bold values indicate statistically significant values
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