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Abstract 
Aim: A pharmacoeconomic analysis to determine the relative cost-effectiveness of timolol 0.5%, brinzolamide 1% and 
brimonidine 0.2% eye drops in treatment of Primary Open Angle Glaucoma (POAG)/ocular hypertension (OHT). Settings 
and Design: Comparative, open, randomized, parallel group prospective study. Materials and Methods: 60 patients of 
POAG or ocular hypertension were included in this study. Time period of study was 6 weeks. 60 eyes of 60 patients were 
included in the study. Patients were divided randomly into 3 groups of 20 each. Patients in group A, B and C received 
timolol, brinzolamide and brimonidine respectively. One drop of each medication was instilled twice a day at 9 am and 
9 pm daily for 6 weeks. IOP was measured on day 0 at 9 am (before administration of drugs) and then at 11 am, to get 
baseline IOP. IOP was again measured on subsequent visits at 9 am and 11 am. Treatment outcome was number of mm Hg 
fall in IOP induced by the study drug. The daily cost of each drug was calculated by maximum retail price and the average 
number of drops per bottle. The cost-effectiveness was then calculated as the cost of drug/mm Hg fall in IOP. Statistics: 
Paired ‘t’ test was used to analyze the parameters within the group. Independent samples t-test was used to compare the 
efficacy of drugs with each other. Results: The % reduction of brimonidine, timolol and brinzolamide at end of 6 weeks 
was 21.43 ± 3.06%, 24.87 ± 2.46% and 18.78 ± 1.73% respectively. Timolol was superior in efficacy to other two drugs. The 
difference was statistically significant between the efficacy of timolol and brinzolamide (p < 0.001) as well as timolol and 
brimonidine (p = 0.003). There was no statistical significant difference in the efficacy of brimonidine when compared to 
brinzolamide (p=0.26). Timolol (5.87 ± 0.83 Rs/mm lowering after 6 weeks) was found to be most cost-effective followed 
by brimonidine (46.83 ± 7.37) and then brinzolamide (60.49 ± 6.77) in lowering IOP. Conclusion: All three drugs under 
the present study are useful in the treatment of POAG/OHT, but timolol is a better choice than other two drugs because of 
greater reduction in IOP and greater cost-effectiveness.

Original Research Article

1. Introduction
Glaucoma is a chronic debilitating disease of eye.[1] It 
refers to a group of multi factorial optical neuropathies 
associated with progressive loss of retinal ganglion cells, 
leading to a characteristic pattern of visual field loss.[2] It is 

a “silent killer” and remains asymptomatic. By the time it 
is diagnosed, it had already become irreversible.[3]

It is a leading cause of irreversible blindness and 3rd 

major cause of blindness worldwide after cataract and 
refractive errors.[4,5] It is second most common cause of 
bilateral blindness.[6] In 2013, it was estimated that 64.3 
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million people had glaucoma and this figure is projected 
to increase to 76.0 million by 2020 and 111.8 million 
by 2040.[7] Glaucoma is 3rd leading cause of blindness in 
India (prevalence of 5.8%) and 1/5th of the total patients 
of glaucoma globally, are from India.[5, 8]

Glaucoma encompasses a diverse group of disorders 
that have in common a potentially progressive and 
characteristic optic neuropathy which isassociated with 
visual field loss as damage progresses and in which intra 
ocular pressure is usually a key modifying factor.[9]

Glaucoma may be congenital or acquired.[9] According 
to another classification glaucoma may be open angle or 
closed angle based on the mechanism by which aqueous 
flow is impaired with respect to anterior chamber.[10]

The most common form of open-angle glaucoma is 
primary open-angle glaucoma. Most POAG patients will 
have decreased visual function. By 2020, POAG is estimated 
to cause 6 million cases of blindness worldwide. [11] It is 
estimated that worldwide between 35 and 58 million 
people had POAG in 2015.[12]

Age is major risk factor in development of POAG.[13] 
Other risk factors are increased IOP, male sex, high myopia, 
a thin central cornea, disc hemorrhage etc.[11,14] Elevated 
IOP remains the most prominent factor – shared among 
the primary and secondary glaucoma – and the only factor 
contemporary ophthalmic intervention can reliably affect.[15]

It has been demonstrated that the reduction in the 
level of IOP lessens the risk of visual field progression in 
open angle glaucoma. Treatment strategies of glaucoma 
aim at lowering IOP, which helps to prevent optic nerve 
damage and glaucoma related blindness.[16]

Topical administration of IOP lowering agents is the 
1st line of therapy for treatment of glaucoma. Major drug 
classes for treatment are alpha agonist, betablockers, topical 
carbonic anhydrase inhibitors, oral carbonic anhydrase 
inhibitors, miotic agents, prostaglandin analogues. 
Brinzolamide which is acarbonic anhydrase inhibitor, 
timolol which is a beta blocker and brimonidine which is an 
alpha agonist are important drugs for medical management 
of POAG.[17]

Brimonidine is a potent and highly selective 
α2-adrenoceptor agonist. It is used in Primary Open Angle 
Glaucoma and also in ocular hypertension to decrease 
IOP. Additional benefit of this drug is its neuroprotective 
mechanism.[18] Allergic reactions are common with use of 
brimonidine.[19]

Timolol is a non-cardio selective β-blocker. It is 
usually given twice daily although it may also be given 

as single daily installation in the morning. Timolol is 
among the most effective ocular hypotensive agents in 
patientswith primary open-angle glaucoma and ocular 
hypertension.[18] Ocular discomfort, conjunctivitis may 
occur with its use.[20] It should not be used in patients of 
bronchial asthma, severe chronic obstructive pulmonary 
disease, bradycardia, severe heart block.[21]

Brinzolamide is a heterocyclic sulfonamide. It can be 
given twice a day or three times a day.[18] It is acarbonic 
–anhydrase II inhibitor.[22] It is indicated for the topical 
management of primary open-angle glaucoma and 
ocular hypertension as either monotherapy or adjunctive 
therapy with topical β-blockers. Allergic reactions may be 
seen with its use.[23]

Glaucoma needs long term treatment. Long term 
treatment is a financial burden to the patient and may result 
in low adherence to the treatment, which like in any other 
chronic disease, is a major hurdle in success of the treatment.
[24] There are plenty of options for treatment of glaucoma. 
The choices have to be made by prioritizing (rationing) all 
treatment strategies.[25] The deciding criterion should be 
both efficacy and cost of treatment strategy rather than a 
single factor alone.[26]

A full economic evaluation must compare minimum two 
alternatives and consider both the cost and consequences 
of each alternative.[27] Main type of cost analysis include 
Cost of Illness analysis (COI), Costminimization Analysis 
(CMA), Cost Effectiveness Analysis (CEA), Cost Utility 
Analysis (CUA), cost consequence analysis, and Cost 
Benefit Analysis (CBA).[28]

Devising ways in which complex outcomes of health 
care can be reduced to a single monetary measure is not 
easy and is the main reason why CEA has been relied on 
more often in the health care sector.[29]

To choose therapy for treatment of glaucoma one 
should consider cost of the drug along with its efficacy. To 
make best use of the resources, the therapy chosen must be 
cost-effective. Our study will strengthen the knowledge of 
physicians regarding the concept of cost-effectiveness and 
will also find out which alternative among brimonidine, 
timolol and brinzolamide is most cost-effective.

2. Materials and Methods

2.1 Study Design
In this open, comparative, randomized, parallel group 
prospective study, 60 subjects of POAG or ocular 
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hypertension attending the outpatient Department of 
Ophthalmology of a tertiary care hospital were included. 
The patient selected for the study fulfilled the inclusion 
criteria and had none of the exclusion criteria. Patients 
with minimum age of 18 years having unilateral or 
bilateral POAG or ocular hypertension with IOP < 30 
mm Hg were included. Exclusion criteria for ocular 
conditions were patients who had acute angle closure 
glaucoma or closed anterior chamber, secondary 
glaucoma, intraocular surgery within 6 months of study, 
argon laser trabeculoplasty within 6 months of study, and 
any infection or inflammation of eye. Exclusion criteria 
for general conditions were pregnant females, lactating 
mothers, females not employing measure to prevent 
conception, obstructive airway disease, heart failure, 2nd 

and 3rd degree heart block, and contraindication to any of 
the study drugs.

2.2 IOP Lowering Determination
60 patients of POAG or ocular hypertension were included 
in this study. Time period of study was 6 weeks. Patients 
with bilateral POAG were treated for both eyes but only 
one eye was considered as the study eye. 60 patients 
included in the study were divided randomly into 3 groups 
of 20 each. Patients in group A, B and C received timolol, 
brinzolamide and brimonidine respectively. One drop of 
each medication was instilled twice a day at 9 am and 9 
pm daily for 6 weeks. Washout period was given to patients 
already under treatment: Prostaglandin analogues- 6 weeks, 
β Blockers- 4 weeks, Brimonidine- 2 weeks, Dorzolamide- 
2 weeks. Drugs taken in the study were: Timolol 0.5% 
(Iotim), Brinzolamide 1% (Azopt) and Brimonidine 0.2% 
(Alphagan– Z). IOP was measured on day 0 at 9 am (before 
administration of drugs) and then at 11 am, to get baseline 
IOP. IOP was again measured on subsequent visits at 9 am 
and 11 am. Goldmann applanation tonometery was used 
to measure IOP. Detailed medical and ocular history was 
taken and complete ocular examination was done on the 
baseline visit. Ocular examination included visual acuity 
estimation, slit lamp examination, ophthalmoscopy, and 
gonioscopy. Treatment outcome was number of mmHg fall 
in IOP induced by the study drug.

All observations were tabulated and subjected to 
statistical analysis using ‘t’ test. Paired‘t’ test was used 
while analyzing parameters within the same group. 
For comparison of parameters in between the two tests 
unpaired/independent ‘t’ test was used.

2.3 Cost Analysis
Five bottles of each commercially available size of anti-
glaucoma medications used in our study were taken. The 
actual volume (instead of labeled volume) was determined 
for each bottle. The drops were counted while emptying 
the contents of the bottles in a 5 ml graduated cylinder. 
The bottles were held at approximately 135° as the drops 
were collected. Like this actual volume and number of 
drops were counted for each bottle. Now number of drops 
per milliliter(drops/ml) was calculated. 

Cost per day of particular anti-glaucoma medication 
for each eye was calculated by dividing the cost of one 
bottle by total number of drops in a bottle and multiplying 
by number of drops required daily.

       
  .       

    

Cost of anti glaucomamedication per day per eye
Cost per bottle No of drops required per day per eye

Number of drops per bottle

−

= ×
 

6 42           Cost for weeks per eye Cost per day per eye= ×  

365         Cost per year per eye cost per day per eye= ×  

2.4 Cost‑effectiveness Analysis
Cost-effectiveness of each drug was calculated by

6
6

     
    

Cost of drug for weeksCost effectiveness
IOP lowering at weeks

− =
 

The study was approved by the institutional ethics 
committee.

2.5 Observations
The age and gender related characteristics of study groups 
were as shown by (Table 1). There was no statistically 
significant difference between the age and gender of 
patients in three study groups.

Table 1. Mean age and sex distribution in three study 
groups.

Mean age Male Female

Brimonidine 64.45 ± 12.01 12 8

Timolol 64.15 ± 10.28 11 9

Brinzolamide 66.20 ± 10.27 12 8
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Volumetric analysis of the drugs show that Brimonidine 
bottles were found to be underfilled while timolol and 
brinzolamide were overfilled with percentage underfills 
and overfills being -0.4%, 1.6% and 1.2% respectively (Table 
2). Brinzolamide had maximum drops/ml (28.52±0.23) 
followed by timolol (27.52±0.23) and brimonidine 
(25.4±0.25) (Figure 1).

The cost analysis (Table 3) shows that brinzolamide 
was costlier than brimonidine followed by timolol 
with per day per eye costs of Rs. 6.45±0.05, 5.78±0.06 
and 0.83±0.01 respectively. The 6-weekly cost for 
brinzolamide was found to be Rs. 270.98 ± 2.17 while 
for brimonidine and timolol was 242.56 ± 2.32 and 34.83 
± 0.29 respectively (Figure 2). The yearly costs for the 
drugs were Rs. 2354.96 ± 18.87, 2107.96 ± 20.17 and 
302.68 ± 2.51 for brinzolamide,brimonidine and timolol 
respectively.

The baseline, 2nd week and 6th week IOP for the study 
drugs are shown in (Figure 3). The baseline IOP (average 
reading of 9 and 11 am) for brimonidine, timolol and 
brinzolamide was 24.15 ± 1.17, 23.83 ± 1.28 and 23.83 ± 
1.12 respectively. 

For brimonidine the mean difference of 9 am IOP 
from baseline ranged from 4.9 ± 0.79 (20.46%) at 2 weeks 
to 5.1 ± 0.97 (21.29 %) at 6 weeks. The mean difference of 
11 am IOP from baseline ranged from 5.2 ± 1.15 (21.15 %) 
at 2 weeks to 5.3 ± 1.13 (21.56 %) at 6 weeks. On statistical 
comparison of IOP at subsequent visits with baseline, a 
significant fall in IOP was seen on both visits in patients  
on brimonidine (P value < 0.001) (Table 4).

For timolol the mean difference of 9 am IOP from 
baseline ranged from 5.75 ± 0.64 (24.31 %) at 2 weeks 
to 5.85 ± 0.88 (24.74 %) at 6 weeks. The mean difference 
of 11 am IOP from baseline ranged from 5.95 ± 0.95 

Figure 1. Volumetric analysis of brimonidine, timolol and 
brinzolamide.
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Table 2. Volumetric Analysis
Drug Labelled Vol.(ml) Actual vol.

(average)
Percentage overfill (+) 
or under fill (-)

Drops/ml

Brimonidine 5 4.98 ± 0.08 - 0.4 % 25.4 ± 0.25
Timolol 5 5.08 ± 0.08 + 1.6 % 27.52 ± 0.23
Brinzolamide 5 5.06 ± 0.05 + 1.2 % 28.52 ± 0.23
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Figure 2. 6-weekly cost of therapy per eye.

Table 3. Cost Analysis
Drug MRP (Rs) Cost per day per eye (Rs) Cost per 6 weeks per eye (Rs) Cost per year per eye (Rs)
Brimonidine 366.7 5.78 ± 0.06 242.56 ± 2.32 2107.96 ± 20.17
Timolol 57.05 0.83 ± 0.01 34.83 ± 0.29 302.68 ± 2.51
Brinzolamide 460 6.45 ± 0.05 270.98 ± 2.17 2354.96 ± 18.87
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(24.79 %) at 2 weeks to 6.00 ± 1.08 (25.00%) at 6 weeks. 
On statistical comparison of IOP atsubsequent visits with 
baseline, a significant fall in IOP was seen on both visits 
inpatients on timolol (P value < 0.001) (Table 4).

For brinzolamide the mean difference of 9 am IOP 
from baseline ranged from 4.3±0.57 (18.18%) at 2 weeks 
to 4.4±0.50 (18.60%) at 6 weeks. The mean difference of 
11 am IOP from baseline ranged from 4.45±0.83 (18.54%) 
at 2 weeks to 4.55±0.83 (18.96%) at 6 weeks. On statistical 
comparison of IOP atsubsequent visits with baseline, a 
significant fall in IOP was seen on both visits inpatients 
on brinzolamide (P value < 0.001) (Table 4).

The difference between the average readings of 
baseline and 6 weeks for three drugs was calculated as 
shown in the table 5. The % reduction of brimonidine, 
timolol and brinzolamide was 21.43±3.06%, 24.87±2.46% 
and 18.78±1.73% respectively. Statistical analysis between 
three drugs at the end of study period i.e., 6 weeks is 
shown in (Table 6). Mean of the average IOP reading at 
6 week was calculated.Independent ‘t’ test was applied. 
Timolol was superior in efficacy to other two drugs. The 
difference was statistically significant between the efficacy 
of timolol and brinzolamide (p < 0.001) as well as timolol 
and brimonidine (p=0.003). There was no statistical 
significant difference in the efficacy of brimonidine when 
compared to brinzolamide (p=0.26) (Table 5, 6).

Cost-effectiveness i.e., cost per mm reduction of IOP 
was calculated. The costs and effectiveness included in 
the calculation were the 6-weekly costs (42  days) and 
average (9 am and 11 am) IOP lowering at 6 weeks. Cost-
effectiveness for brimonidine, timolol and brinzolamide 
were respectively Rs 46.83±7.37/mmHg lowering, 5.87±0.83/
mmHg lowering and 60.49±6.77/mmHg lowering. Thus 
timolol was found to be most cost-effective followed by 
brimonidine and then brinzolamide in lowering IOP  
(Figure 4).

The 6 weekly cost and efficacy of brimonidine, timolol 
and brinzolamide was Rs 242.56±3.06 and 21.43±3.06 %,  
Rs 34.83±0.29 and 24.87±2.46 % and Rs 270.98±2.17 and 
18.78±1.73 % respectively. From this data it is evident that 
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Figure 3. IOP changes in patients on brimonidine, 
timolol and brinzolamide.

Table 4. IOP changes in three study groups
Mean (mm of Hg) ± SD % change P value
9am 11am 9am 11am 9am 11am

Brimonidine Pair 1 V1-V2 4.9±0.79 5.15±0.81 20.46 % 21.15 % <0.001 <0.001
Pair 2 V1-V3 5.1±0.97 5.25±0.79 21.29 % 21.56 % <0.001 <0.001

Timolol Pair 1 V1 – V2 5.75±0.64 5.95±0.95 24.31 % 24.79 % <0.001 <0.001
Pair 2 V1 – V3 5.85±0.88 6.00±1.08 24.74 % 25.00 % <0.001 <0.001

Brinzolamide Pair 1 V1 – V2 4.3±0.57 4.44±0.83 18.18% 18.54% <0.001 <0.001
Pair 2 V1 – V3 4.4± 0.50 4.55± 0.83 18.60% 18.96% <0.001 <0.001

Table 5. % reduction in IOP after 6 weeks
Drug name Average of 9 am and 11 am IOP Difference between average of baseline 

and 6 week IOP
% Reduction

Baseline 6 weeks
Brimonidine 24.15 ± 1.17 18.98 ± 1.20 5.18 ± 0.77 21.43 ± 3.06 %
Timolol 23.83 ± 1.28 17.90 ± 0.90 5.93 ± 0.77 24.87 ± 2.46 %
Brinzolamide 23.83 ± 1.12 19.35 ± 0.86 4.48 ± 0.53 18.78 ± 1.73 %
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brinzolamide has highest cost and lowest efficacy therefore 
falls in dominated quadrant i.e., northwest quadrant of 
cost effectiveness plane when compared to brimonidine 
and timolol. On comparing brimonidine and timolol 
groups separately, brimonidine has higher cost and lower 

efficacy than timolol hence timolol therapy dominates 
brimonidine therapy and falls in southeast quadrant ofthe 
cost effectiveness analysis plane (Figure 5).

3. Discussions
Glaucoma is a major public health problem, being the 
largest cause of bilateral blindness, second only to the 
cataract. Progression of glaucomatous changes leads to 
visual impairment and require life-long therapy to halt 
further deterioration. As the global burden of glaucoma 
is high and predicted to rise as major cause of ocular 
morbidity; study of economic aspects of glaucoma are 
required.

For the medical management of glaucoma, an 
ophthalmologist has got a wide range of options. 
Brimonidine, timolol and brinzolamide are commonly 
prescribed drugs in glaucoma, each with its own advantages.

Timolol is among the older and effective ocular 
hypotensive agents in patients with primary open-angle 
glaucoma and ocular hypertension. Added benefit of this 
drug is its lower cost. Brimonidine and brinzolamide are 
relatively newer anti glaucoma drugs in the armamentarium 
of ophthalmologist for medical treatment of glaucoma, 
with brinzolamide being the newest. Additional benefit of 
brimonidine is its neuroprotective mechanism. Brinzolamide 
is also selected as monotherapy or fixed combinations for the 
treatment of POAG or ocular hypertension.

In the present study, we have done age analysis, 
volumetric analysis, cost analysis and compared efficacies 
and cost-effectiveness of these three drugs.

In the present study, maximum numbers of patients 
were in the age group of 61-70 years (28 out of 60; 46.67%). 
The mean age of presentation in brimonidine, timolol 
and brinzolamide groups was 64.45±12.01, 64.15±10.28 
and 66.20±10.27 years respectively. Similar prevalence of 
glaucoma was found in the Singapore Indian eye Study in 
2013. The prevalence of glaucoma increased with age and 

Table 6. Statistical analysis between three study drugs at end of 6 weeks
Comparison of average IOP readings at end of 6 weeks

Difference Between Mean SEM t P
Timolol Brimonidine 1.075 0.33 3.21 0.003 (HS)

Brinzolamide 1.45 0.28 5.22 <0.001 (HS)
Brimonidine Brinzolamide 0.38 0.33 1.14 0.26 (NS)

Figure 4. Comparison of cost-effectiveness.
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Figure 5. Cost effectiveness analysis plane.
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was higher in participants aged 60 to 69 years compared 
with those aged 40 to 49 years.[30] These findings are 
comparable with the mean age of presentation in our study.

In the present study, actual volume was found to 
differ slightly from the labeled volume in all three 
pharmaceutical preparations. Timolol and Brinzolamide 
were found to be overfilled by 1.6 % and 1.2 % respectively 
while brimonidine was underfilled by 0.4 %. In a study 
conducted by Rylander and Vold in 2008 brimonidine 0.2 
% and timolol 0.5 % were found to be overfilled by 3±1.4 
% and 0.6±1.0 % respectively and brinzolamide 1 % was 
underfill by 0.2 ± 2.0 %.[31]

In the present study the cost per day per eye in rupees 
for brimonidine is 5.78 ± 0.06, for timolol is 0.83 ± 
0.007 and for brinzolamide is 6.45 ± 0.05. In a study by 
Fiscella et al., in 2003, the cost of brimonidine, timolol, 
brinzolamide per day for both eyes twice daily dosing 
was 1.29 $, 0.42 $ and 1.37 $ respectively.[32] This was in 
accordance with the present study. 

Raylander and Vold in 2008 did cost analysis of different 
glaucomamedications. Cost of brimonidine 0.2%, timolol 
0.5% and brinzolamide 1% per year for both eyes when 
two drops were instilled in both eyes was 374.44±27.59 
$, 155.92±7.55 and 373.76±15.67 respectively. This is in 
contrast to the present study.[31]

In the present study, the IOP lowering efficacy of 
timolol was 5.85 ± 0.88 (24.74%) and 6.00 ± 1.08 (25.00%) 
at 9 and 11 am respectively. In a similar study conducted 
by Netland PA et al., in 2001, the mean IO Preductions 
of timolol ranged from -4.7 to -7.1 mm Hg.[33] Similarly, 
another study was done by Weinreb RN et al., in 2016 
showed IOP lowering efficacy of timolol ranging from   
-6.6 to -8.00 mm Hg.[34]

In the present study, the IOP reducing efficacy 
of brimonidine was 21.29% (5.1±0.97) and 21.56% 
(5.3±1.13) at 9 am and 11 am respectively. The studies by 
Thomas et al., in 2003 and Realini T et al., in 2013 showed 
similar results with IOP lowering of 6±3.3 mm Hg (21%) 
and 3.3-6.9 mm Hg (13.4-26.9 %) respectively.[35, 36]

The IOP reducing efficacy of brinzolamide in the 
present study was 18.6% (4.4±0.50 mm Hg) and 18.96% 
(4.55±0.83 mmHg) respectively. Silver LH in 1998 
performed a similar study in which the IOP lowering 
efficacy  of brinzolamide was 3.8-5.7%.[37]

Li T et al., in 2016 conducted a meta-analysis in which 
efficacy of various anti-glaucoma  drugs was compared. 
According to the analysis the mean IOP lowering efficacy 

of timolol was maximum (3.7 mm Hg) followed by 
brimonidine (3.59 mm Hg) and then brinzolamide (2.42 
mm Hg).[38]

Cost-effectiveness for brimonidine, timolol and 
brinzolamide at end of 6 weeks was respectively Rs 
46.83±7.37/mmHg lowering, 5.87±0.83/mmHg lowering 
and 60.49±6.77/mmHg lowering. In a similar study by 
El-Khamery AA-E et al., in 2017, cost effectiveness of 
timolol was more favorable (Egyptian pounds 1525.33/ % 
reduction in IOP) ascompared to brimonidine (Egyptian 
pounds 4298.08/ % reduction in IOP).[39]

Many factors are considered by the physicians while 
prescribing for the patients of glaucoma. The ultimate goal 
of the health care providers is to give best, cost effective 
medicine to the patients and also considering the efficacy, 
tolerability and response and compliance to the medicine.

The deciding criteria for selecting any management 
option should be cost-effectiveness and not efficacy alone or 
cost alone. An option may be cheap but may also have less 
efficacy or more adverse effects. As glaucoma is a chronic 
disease therefore lifelong treatment is required. Options to 
treat glaucoma are many. Therefore future studies will be 
needed to update the rapidly changing economic information 
pertaining to the medical management of glaucoma.

4. Conclusions
Thus, in the present research, we have studied three 
anti glaucoma drugs: timolol 0.5%, brimonidine 0.2% 
and brinzolamide 1%. Timolol is a beta blocker which 
is commonly given by ophthalmologists due to its low 
cost and good efficacy. Brimonidine is an alpha-2 agonist 
which is effective and safe particularly in patients at 
risk of pulmonary or cardiovascular disease and has 
additional neuroprotective property. Brinzolamide is a 
carbonic anhydrase inhibitor used as monotherapy or 
fixed combinations to treat glaucoma.

The final conclusion of the study was that all three 
drugs under the present study are useful in the treatment 
of POAG/OHT, but timolol is a better choice than other 
two drugs because of:

• Greater reduction in IOP.
• Greater cost-effectiveness.

Glaucoma is a chronic disease requiring life long 
treatment. life-long treatment is a financial burden for a 
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patient. In a developing country like India it can be very 
difficult for patients to afford life-long treatment and 
this may result in non compliance to therapy. Therefore 
decisions regarding choosing a therapy in case of diseases 
requiring life-long treatment should be based on cost-
effectiveness rather than costs or efficacy alone.

5. References
1. Jothi R, Ismail AM, Senthamarai R, Pal S. A comparative 

study on the efficacy, safety, and cost-effectiveness of 
bimatoprost/timolol anddorzolamide/timolol combinations 
in glaucoma patients. Indian JPharmacol. 2010; 42:362–5. 
https://doi.org/10.4103/0253-7613.71917 PMid:21189906 
PMCid:PMC2991693

2. Schmidl D, Schmetterer L, Garhöfer G, Popa-Cherecheanu 
A. Pharmacotherapy of Glaucoma. J Ocul Pharmacol Ther. 
2015; 31(2):63–77. https://doi.org/10.1089/jop.2014.0067 
PMid:25587905 PMCid:PMC4346603

3. Stamper RL, Lieberman MF, Drake MV. Introduction and 
classification of Glaucomas. In: Diagnosis and Therapy of 
Glaucomas. 8th ed. China: Elsevier; 2009. p. 1–3. https://
doi.org/10.1016/B978-0-323-02394-8.00001-2

4. Malihi M, MouraFilho ER, Hodge DO, Sit AJ. Long-Term 
Trends in Glaucoma-Related Blindness in Olmsted County, 
Minnesota. Ophthalmology. 2014; 121(1):134–41. https://
doi.org/10.1016/j.ophtha.2013.09.003 PMid:24823760 
PMCid:PMC4038428

5. Saxena R, Singh D, Vashist. Glaucoma: An emerging peril. 
Indian J Community Med. 2013; 38:135-7. https://doi.
org/10.4103/0970-0218.116348 PMid:24019597 PMCid: 
PMC3760320

6. Alligham R. Introduction: An overview of glaucoma. 
In: Alligham R, Damji K editors. Shields Textbook of 
Glaucoma. 6th ed. USA: Lippincott Williams and Wilkins; 
2011 .p. 3–8.

7. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. 
Global prevalence of glaucoma and projections of glaucoma 
burden through 2040: A systematic review and meta-
analysis. Ophthalmology. 2014; 121(11):2081–90. https://
doi.org/10.1016/j.ophtha.2014.05.013 PMid:24974815

8. Park K. Park’s textbook of preventive and social medicine. 
23rd ed. Jabalpur: Banarasidasbhanot; 2015 .p. 402.

9. Kanski J, Bowling B, Nischal K, Pearson A. Clinical 
ophthalmology. 7th ed. China: Elsevier Saunders; 2011 .p. 313.

10. Mansukani S. On managed care’s doorstep, glaucoma. P & 
T Digest. 2002; 11(Suppl 11):S6–10.

11. Weinreb RN, Leung CK, Crowston JG, Medeiros FA, 
Friedman DS, Wiggs JL et al. Primary open-angle glaucoma. 

Nat Rev Dis Primers. 2016; 2:1–19. https://doi.org/10.1038/
nrdp.2016.67 PMid:27654570

12. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. 
Globalprevalence of glaucoma and projections of glaucoma 
burden through 2040: a systematic review and meta-
analysis. Ophthalmology. 2014;121(11):2081–90. https://
doi.org/10.1016/j.ophtha.2014.05.013 PMid:24974815

13. Tielsch JM, Sommer A, Katz J, Royall RM, Quigley HA, 
Javitt J. Racialvariations in the prevalence of primary 
open-angle glaucoma. The Baltimore Eye Survey. 
JAMA. 1991; 266(3):369–74.  https://doi.org/10.1001/
jama.1991.03470030069026 PMid:2056646

14. Quigley HA, Broman AT. The number of people with 
glaucoma worldwide in 2010 and 2020. Br. J. Ophthalmol. 
2006; 90:262–7. https://doi.org/10.1136/bjo.2005.081224 
PMid:16488940 PMCid:PMC1856963

15. Robert LS, Marc FL, Michael VD. Becker-Shaffer’s diagnosis 
and therapy of the glaucomas. 8 ed. China: Elsevier; 2009. 
p. 1. PMid:19161663

16. Leske MC, Heijl A, Hussein M, Bengtsson B, Hyman L, 
Komaroff E, et al. Factors for glaucoma progression and the 
effect of treatment: The earlymanifest glaucoma trial. Arch 
Ophthalmol. 2003; 121:48–56. https://doi.org/10.1001/
archopht.121.1.48 PMid:12523884

17. Henderer JD, Rapuano CJ. Ocular Pharmacology. In: 
Brunton LL, Chabner BA, Knollmann BC, editors. 
Goodman and Gillman’s the Pharmacological Basis of 
Therapeutics. 12th ed. New York: McGraw Hill; 2011. p. 
1785–8.

18. Barlett JD, Fiscella RG, Jaanus SD, Barnebey H. Ocular 
hypotensivedrugs. In: Bartlett JD, Jaanus SD, editors. 
Clinical ocular pharmacology. 5th ed. United States of 
America: Butterworth Heinemann Elsevier; 2008. p.145–
66. https://doi.org/10.1016/B978-0-7506-7576-5.50015-X

19. Katz LJ. Brimonidine tartrate 0.2% twice daily vs timolol 
0.5% twice daily:1-year results in glaucoma patients. Am 
J Ophthalmol. 1999; 127(1):20–6. https://doi.org/10.1016/
S0002-9394(98)00286-4

20. Alm A, Stjernschantz J. Effects on intraocular pressure 
and side effects of 0.005% latanoprost applied once daily, 
evening or morning. Ophthalmology. 1995; 102(12):1743–
52. https://doi.org/10.1016/S0161-6420(95)30798-1

21. Uusitalo H, Ni-o J, Tahvanainen K, Turjanmaa V, Ropo A, 
Tuominen J, et al. Efficacy and systemic side-effects of topical 
0.5% timolol aqueoussolution and 0.1% timolol hydrogel. 
Acta Ophthalmol Scand. 2005; 83(6):723–8. https://doi.
org/10.1111/j.1600-0420.2005.00562.x PMid:16396651

22. Willis AM, Diehl KA, Robbin TE. Advances in topical 
glaucoma therapy. Vet Ophthalmol. 2002; 5(1):9–17. https://
doi.org/10.1046/j.1463-5216.2001.00202.x PMid:11940242

http://www.informaticsjournals.com/index.php/ijmds/index
https://doi.org/10.4103/0253-7613.71917
https://doi.org/10.1089/jop.2014.0067
https://doi.org/10.1016/B978-0-323-02394-8.00001-2
https://doi.org/10.1016/B978-0-323-02394-8.00001-2
https://doi.org/10.1016/j.ophtha.2013.09.003
https://doi.org/10.1016/j.ophtha.2013.09.003
https://doi.org/10.4103/0970-0218.116348
https://doi.org/10.4103/0970-0218.116348
https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1038/nrdp.2016.67
https://doi.org/10.1038/nrdp.2016.67
https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1001/jama.1991.03470030069026
https://doi.org/10.1001/jama.1991.03470030069026
https://doi.org/10.1136/bjo.2005.081224
https://doi.org/10.1001/archopht.121.1.48
https://doi.org/10.1001/archopht.121.1.48
https://doi.org/10.1016/B978-0-7506-7576-5.50015-X
https://doi.org/10.1016/S0002-9394(98)00286-4
https://doi.org/10.1016/S0002-9394(98)00286-4
https://doi.org/10.1016/S0161-6420(95)30798-1
https://doi.org/10.1111/j.1600-0420.2005.00562.x
https://doi.org/10.1111/j.1600-0420.2005.00562.x
https://doi.org/10.1046/j.1463-5216.2001.00202.x
https://doi.org/10.1046/j.1463-5216.2001.00202.x


International Journal of Medical and Dental SciencesVol 8 (2) | July 2019 | http://www.informaticsjournals.com/index.php/ijmds/index 1774

A Pharmacoeconomic Analysis to Determine the Relative Cost-effectiveness of Timolol 0.5%, Brinzolamide 1% and Brimonidine 
0.2% Eye Drops in Treatment of Primary Open Angle Glaucoma/ Ocular Hypertension

How to cite this article: Sehgal VK, Vashisht T, Singh G, Sharma N. 
A Pharmacoeconomic Analysis to Determine the Relative Cost-
effectiveness of Timolol 0.5%, Brinzolamide 1% and Brimonidine 
0.2% Eye Drops in Treatment of Primary Open Angle Glaucoma/ 
Ocular Hypertension. Int. J. Med. Dent. Sci. 2019; 8(2): 1766-1774.

23. Cvetkovic RS, Perry CM. Brinzolamide a review of its use 
in the management of primary open-angle glaucoma and 
ocular hypertension. Drugs Aging. 2003; 20(12):919–47. 
https://doi.org/10.2165/00002512-200320120-00008 
PMid:14565787

24. Mehani R, Yadav VK, Sankadia RK, Ghodki S, Garg T. 
Pharmacoeconomic analysis of brimonidine/timolol and 
travoprost 0.004% in the treatment of primary open angle 
glaucoma in Indian settings. Int J Basic Clin Pharmacol. 
2016; 5(2):508–12. https://doi.org/10.18203/2319-2003.
ijbcp20160770

25. Gray JA, Larry CW. Evidence-based healthcare: how to 
make health policy and management decisions. Can Med 
Assoc J. 1997; 157(11):1598–99.

26. Drummond MF, Richardson S, O’Brien BJ, Levine M, 
Heyland D. How to use an article on economic analysis 
of clinical practice: Evidence Based Medicine Working 
Group. JAMA. 1997; 277:1552–7.  https://doi.org/10.1001/
jama.1997.03540430064035 PMid:9153371

27. Byford S, Raftery J. Perspectives in economic evaluation. 
BMJ. 1998; 316:1529–30. https://doi.org/10.1136/
bmj.316.7143.1529 PMid:9582152 PMCid:PMC1113167

28. Kobelt G. Health economics, economic evaluation, 
glaucoma. Journal of Glaucoma. 2002; 11(6):531–9. 
https://doi.org/10.1097/00061198-200212000-00015 
PMid:12483101

29. Robinson R. Cost-benefit analysis. BMJ. 1993; 307:924–6.  
https://doi.org/10.1136/bmj.307.6909.924 PMid:8241859 
PMCid:PMC1679054

30. Narayanaswamy A, Baskaran M, Zheng Y, Lavanya R, Wu 
R, Wong WL. The prevalence and types of glaucoma in an 
urban Indian population: the Singapore Indian Eye Study. 
Invest Ophthalmol Vis Sci. 2013; 54(7):4621–7. https://doi.
org/10.1167/iovs.13-11950 PMid:23745009

31. Rylander NR, Vold DS. Cost analysis of glaucoma 
medications. Am J Ophthalmol. 2008; 145:106-13. https://
doi.org/10.1016/j.ajo.2007.08.041 PMid:18154755

32. Fiscella RG, Green A, Patuszynsk DH, Wilensky J. 
Medical therapy cost considerations for glaucoma. Am J 

Ophthalmol. 2003; 136(1):18–25. https://doi.org/10.1016/
S0002-9394(03)00102-8

33. Netland PA, Landry T, Sullivan EK, Andrew R, Silver L, 
Weiner A et al. Travoprost compared with latanoprost and 
timolol in patients with open-angle glaucoma or ocular 
hypertension. Am J Ophthalmol. 2001; 132(4):472–84. 
https://doi.org/10.1016/S0002-9394(01)01177-1

34. Weinreb RN, Sforzolini BS, Vittitow J, Liebmann J. 
LatanoprosteneBunod 0.024% versus timolol maleate 
0.5% in subjects with open-angle glaucoma or ocular 
hypertension. Ophthalmology. 2016; 123(5):965–73. https://
doi.org/10.1016/j.ophtha.2016.01.019 PMid:26875002

35. Thomas R, Parikh R, Muliyil J, George R, Paul P, Abraham 
LM. Comparison between latanoprost and brimonidine 
efficacy and safety in Indian eyes. Indian J Ophthalmol. 
2003 Jun; 51(2):123–8. PMid:12831141

36. Realini T, Nguyen QH, Katz G, DuBiner H. Fixed-
combination brinzolamide 1%/brimonidine 0.2% 
vsmonotherapy with brinzolamide or brimonidine in 
patients with open-angle glaucoma or ocular hypertension: 
results of a pooled analysis of two phase 3 studies. Eye. 
2013; 27:841–7. https://doi.org/10.1038/eye.2013.83 
PMid:23640612 PMCid:PMC3709402

37. Silver LH. Clinical efficacy and safety of brinzolamide 
(Azopt™), a new topical carbonic anhydrase inhibitor for 
primary open-angle glaucoma and ocular hypertension. 
Am J Ophthalmol. 1998; 126(3):400–8. https://doi.
org/10.1016/S0002-9394(98)00095-6

38. Li T, Lindsley K, Rouse B, Hong H, Shi Q, Friedman DS, 
et al. Comparative effectiveness of first-line medications 
for primary open angle glaucoma- A systematic review 
and network meta-analysis. Ophthalmology. 2016; 
123(1):129–40. https://doi.org/10.1016/j.ophtha.2015.09.005 
PMid:26526633 PMCid:PMC4695285

39. El-Khamery AA-E, Mohamed AI, Swify HEH, Mohamed 
AI. Cost-effectiveness of glaucoma management with 
monotherapy medications in Egypt. J Adv Pharm Technol 
Res. 2017; 8(1):25–8. https://doi.org/10.4103/2231-
4040.197384 PMid:28217551 PMCid:PMC5288967

http://www.informaticsjournals.com/index.php/ijmds/index
https://doi.org/10.2165/00002512-200320120-00008
https://doi.org/10.18203/2319-2003.ijbcp20160770
https://doi.org/10.18203/2319-2003.ijbcp20160770
https://doi.org/10.1001/jama.1997.03540430064035
https://doi.org/10.1001/jama.1997.03540430064035
https://doi.org/10.1136/bmj.316.7143.1529
https://doi.org/10.1136/bmj.316.7143.1529
https://doi.org/10.1097/00061198-200212000-00015
https://doi.org/10.1136/bmj.307.6909.924
https://doi.org/10.1167/iovs.13-11950
https://doi.org/10.1167/iovs.13-11950
https://doi.org/10.1016/j.ajo.2007.08.041
https://doi.org/10.1016/j.ajo.2007.08.041
https://doi.org/10.1016/S0002-9394(03)00102-8
https://doi.org/10.1016/S0002-9394(03)00102-8
https://doi.org/10.1016/S0002-9394(01)01177-1
https://doi.org/10.1016/j.ophtha.2016.01.019
https://doi.org/10.1016/j.ophtha.2016.01.019
https://doi.org/10.1038/eye.2013.83
https://doi.org/10.1016/S0002-9394(98)00095-6
https://doi.org/10.1016/S0002-9394(98)00095-6
https://doi.org/10.1016/j.ophtha.2015.09.005
https://doi.org/10.4103/2231-4040.197384
https://doi.org/10.4103/2231-4040.197384

	_GoBack

