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	 The objective of the present work was to determine cost per annum of various glaucoma 
formulation to patients and plot changes in trends of cost these formulations over years. Main 
purpose of this study is to provide patients and health care providers with calculated yearly 
costs of topical glaucoma medications in India. A price per ml model was used to eradicate 
difference due to pack size of formulation of different brands. And average prices per ml of all 
studied brands were used to present data of particular drug formulation. Daily recommended 
drops were also taken into consideration to obtain cost of formulation to patient per year. And 
results indicated that cost of glaucoma treatment in India per annum to patient varied from as 
low as 193.3 INR to as high as 6616.72 INR in year 2015, quite similar to that in 2005 wherein 
cost per annum to patient varied from 191.55 INR to 5879.12 INR. Beta blockers were reported 
to be the most economical group of glaucoma medications while prostaglandin analogues and 
its combinations were reported to be expensive group of glaucoma medications. And the study 
concluded that cost of glaucoma drug therapy varies from few hundred to several thousand 
rupees in India. And although price per annum of glaucoma medication in India remains to be 
significantly less compared to other developed countries, steep rising cost first line drugs like 
timolol maleate over the years forecasts risings concern to patient in India.

Keywords: Cost of medications; Beta Blocker; Glaucoma; Prostaglandins; Timolol Maleate.

	 Glaucoma is a chronic, progressive 
condition that is projected to affect approximately 
76 million people worldwide in 2020, with the 
number expected to rise to almost 112 million in 
20401. Notably, glaucoma is the second leading 
cause of blindness worldwide and the leading cause 
of treatable blindness 2. In 2010, the worldwide 
percentage of blindness due to glaucoma was 
6.6%, and the contribution of glaucoma to 
blindness in adults aged e”50 years was 8.5% as 

of 2015, with a global projection of >11 million 
cases of bilateral blindness by 2020 3. Glaucoma 
medication plays a significant role in the treatment 
of patients with glaucoma, leading to increase 
burden of cost both to individuals, and society. In 
spite of substantial clinical and economic burden 
associated with glaucoma, studies evaluating the 
long-term costs of existing treatments are limited. 
Thus, cost-effectiveness studies are important 
because they allow a comparison between 
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different alternatives in terms of both their costs 
and their results.  These data may be useful in 
selecting medications for glaucoma therapy.
	 Glaucoma is a complex disorder that 
comprises a group of heterogeneous optic 
neuropathies characterized by a progressive 
degeneration of the optic nerve head and visual 
field defects 3. The cause of glaucoma generally is 
failure of the eye to maintain an appropriate balance 
between the amount of internal (intraocular) fluid 
produced and the amount that drains away. Just 
as a basketball or football requires air pressure to 
maintain its shape, the eyeball needs internal fluid 
pressure to retain its globe-like shape and ability 
to see. 
	 There are about 67 million patients of 
glaucoma worldwide, out of which 14 million 
glaucoma patients in India alone, of whom 6.7 
million will become blind in both eyes 4. Globally, 
it is estimated that there are 38 million persons 
who are blind, Glaucoma is the second leading 
cause of vision loss in the world 5. When calculated 
with above figures, almost 10 in 100 people will 
be suffering from glaucoma and 1 in 1000 will 
be blinded due to lack of proper treatment of 
glaucoma. And if such is the scenario, then India 
will be the most affected than any other countries in 
world.  Effective intervention to prevent blindness 
from glaucoma is quite difficult, particularly in 
developing countries, where its early detection and 
management pose great problems 5. Thus likely 
future scenario is therefore that glaucomatous 
blindness will continue to increase globally 5. 
	 It has been reported that patients with 
advanced glaucoma suffer from reduced mobility 
6, and are at higher risk of falling 7, and are also at 
an increased risk of causing or being involved in 
automobile accident 8. Most patients with glaucoma 
are unaware of their visual field defects until the 
disease enters a late stage 9. Recent evidence 
suggests that glaucoma affects the entire visual 
pathway 10. 
	 Although it is  noteworthy that no race is 
exempted from getting glaucoma 11. But  prevalence 
of glaucoma varies widely across the different 
ethnic groups and is significantly higher in blacks 
(4.7%) than in the white population (1.3%) 12.  
Most common risk factors for glaucoma includes 
age, race, family history, thin cornea, myopia and 
oxidative stress 13. Amongst all other factors family 

history of glaucoma is estimated to account for a 
risk of 1-10 folds among the first-degree relatives 
of an affected individual 14. Estimated overall 
prevalence of glaucoma is 16% in those over the 
age of 70 amongst blacks compared to 6% and 3% 
respectively in Caucasians and Asians respectively 
15.
	 Cost per year ranged widely depending 
on the class of medication and recommended daily 
dosing 16. While other problems like inefficiencies in 
actual patient usage of drops, wasting, or accidental 
administration of more than the prescribed dose can 
increase cost of glaucoma medication of patients. 
Thus based on wasting due to various reasons 
in a significant portion of the glaucoma patient 
population actual cost per day will differ from 
the calculated cost per day. A spectrum of cost for 
individual medications highlights the importance 
of considering the cost effectiveness of glaucoma 
medical management. Drug efficacy, tolerability, 
medication response, medical compliance, dosing 
regimens, and formulary coverage are factors that 
may justify a decision to prescribe a more costly 
medication. 
	 Differences in yearly cost exist among 
topical glaucoma medications 17. The daily cost of 
glaucoma medications in China ranged much more 
wildly than developed countries 18. It is calculated 
to cost approximately £380 per patient per annum 
19, with an estimated £300 million spent in the UK 
in 2002 for treatments of glaucoma patients 20. A 
cost effectiveness analysis estimates an average 
annual cost for standard therapy in treatment of 
glaucoma at USD 398 per patient in France 21. 
While another study which performed cost analysis 
covering Denmark, Germany, Italy, Ireland, and 
Spain reported annual direct cost of glaucoma 
medication ranged from €429 to €523 22. Thus, 
blindness related glaucoma has a wide impact on 
the developed European societies in terms of costs.
	 Direct annual medication cost of glaucoma 
may be dependent on choice of type and category 
of drug prescribed by doctor.  As average cost of 
generic timolol in USA ranged from 0.38-0.50 USD 
per day and beta-blocker products were reported to 
be about twice as costly, ranging from 0.88- 1.11 
per day US dollars. The prostaglandin analogues 
ranged from US dollars 0.90-1.25 USD per day 23. 
Combination therapy can also be deciding cause for 
cost as it is reported in few studies that combination 
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therapy of timolol plus dorzolamide was less costly 
than separate bottles of a topical beta-blocker and 
a topical carbonic 23.
	 Due to lack of accurate and decisive 
method and inclusion of various tangible factors 
for determination of daily cost for drugs used in 
glaucoma, results for cost per day to patient could 
vary based on method and sampling techniques 
used.  For example according to study carried 
out in year 2003 average cost of  generic timolol 
in USA ranged from 0.38-0.50 USD per day 23. 
While another study reported daily cost of the 
beta-adrenergic blockers studied ranged widely, 
from $0.43 to $1.04 24 . Thus, there is a need for 
harmonious method for determination of daily and 
annual cost to glaucoma patient.

METHODOLOGY

	 Various studies throughout the world  
have used different techniques to obtain prices of 
different glaucoma drugs within  country (Rylander 
and Vold, 2008) and comparison in-between  two 
countries 25 and across globe 26. There is no single 

technique to obtain prices of all glaucoma drugs 
at one place. So, for study we sought prices borne 
by the patient for various glaucoma interventions. 
As there is  no unanimous data source that captures 
prices patients pay for ophthalmic medications 
and other ophthalmic interventions within India, 
we used various data sources, including prices 
published by government entities on publicly 
available websites, academic publications, drug-
pricing databases, and reference prices books like 
drug today, drug update ,CIMS etc .If we could not 
locate data from any of these sources, we contacted 
drug manufacturer to sought prices of drugs over 
years . 
	 Cost in maximum retail price (MRP) 
in India of 11 molecule and its 29 different 
formulation based on strength & combination 
divided into 7 groups of antiglaucoma formulation 
as were studied over time span from 10 years from 
2005 to 2015 to obtain cost per year of therapy of 
glaucoma medication to patients and change in cost 
of therapy over these 10 years. Drugs, formulations, 
strengths that were not available initial in year 
2005 but where available during later years were 

Table 1. List of all equation used for calculating cost & differences in cost of various antiglaucoma formulation

Equation 1 Price per ml 	 Price per ml of a brand = (Maximum retail price of Formulation in 
of Brand (INR/ml)	 INR/pack size in ml)
	 For example, price of Levobunolol - 0.5% for Betagan (Allergan) for 
	 5 ml is 53 INR than its Price per ml = 53/5= 10.6 INR/ml
Equation 2 Average Price 	 Average price per ml of a formulation = (Sum price of all brands 
per ml of Formulations 	 (INR/ml)/Sum of total brands)
(INR/ml)	 For example, price per ml of Levobunol 0.5 % brand one is 10.6 INR/ml 
	 and for brand two is 9.8 INR/ml than Average price per ml of a 
	 Levobunol 0.5% = (10.6+9.8)/2 = 10.2 INR/ml.
Equation 3 Rate difference 	 ((Average Price per ml of Formulations of 2nd year - Average Price per ml 
of glaucoma formulations over 	 of Formulations of 1st year) *100/ Average Price per ml of 	
years	 Formulations of 1st year)
Equation 4 Glaucoma 	 Per day use (ml) = (daily recommended dose in number*average drop 
medication per day use 	 size of eye drops) But Average Drop size for ophthalmic solution is 0.04ml
(ml)	 So, Per day use (ml) = (daily recommended dose*0.04)
Equation 5  Glaucoma 	 Glaucoma medication Cost per day (INR) = Glaucoma medication 
medication Cost per 	 per day use (ml)*rate per ml (INR) 
day (INR)
Equation 6 Glaucoma 	 Cost per year (INR) = - Glaucoma medication cost per day (INR)*365
medication Cost per 
Annum (INR)	 Where 365 represents total number of days in 1 year.
Equation 7 - Difference 	 Difference in cost per annum in percentage = ((Cost per Annum (INR) 
in cost per annum of 	 of year 2015- Cost per Annum (INR) of year 2005)/ 
Glaucoma medication 	 Cost per Annum (INR) of year 2005*100
over years
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also taken into account and its cost and difference 
of cost of therapy to patient was considered with 
respect to year it was first available to 2015. 
Formulation of which at least 4 years of data were 
available where considered part of study.
	 A price per ml model was used to eradicate 
difference due to pack size of formulation of 
different brands. And average prices per ml of 
all studied brands were used to present data of 
particular drug formulation. Daily recommended 
drops was taken into consideration to obtain cost 
of formulation to patient per year. Following 
equation were considered for study. Table 1 enlist 
all the essential equation to calculate price and 
differentiate of various formulation . 

RESULTS

	 All the results of study were represented in 
terms of tables obtained using calculation mentioned 
in table 1 .While  table 2 and table 3 represents 
average price per ml of 24 different formulations 
in year 2005 and year 2015 respectively . Results 
represented in table 2 and table 3 are particular 
important of discards variation in price due to pack 
size of an formulation. Table 4 represents variation 
in cost of  anti-glaucoma formulations over span of 
10 years, while table 5 represents change in cost  of 
anti-glaucoma formulations per annum to patients 
over span of 10 years. 

DISCUSSION

	 Apart from being first line choice of 
drug for glaucoma, different studies around the 
globe has suggested beta blockers to be the most 
economic  drug therapy to patients 27. As recorded 
in this studycost of glaucoma treatment in India per 
annum to patient varied from as low as 193.3INR 
to as high as 6616.72 INR in year 2015, quite 
similar to that in 2005,and the cost per annum to 
varied from 191.55 to 5879.12 INR. Beta blockers 
were reported to be the most economical group 
of glaucoma medications while prostaglandin 
analogues and its combinations were reported 
to be expensive group of glaucoma medications. 
Except timolol gel forming solution, all other beta 
blockers were reported to cost below 752 INR per 
annum to patients. While in case of prostaglandin 
analogues latanoprost cost per annum of   was 

the most economical prostaglandin in year 2005 
until introduction of travoprost in year 2012, 
but over just four years travoprost recorded 
substantial rise in its cost making latanoprost again 
most economical prostaglandin by year 2015. 
Irrespective of any scenario prostaglandins and 
its combination remained to be most expensive 
glaucoma medication therapy. 
	 An unlikely noteworthy point was 
recorded in para-sympathomimetic group of 
glaucoma medication, that an higher concentration 
of pilocarpine (2%) in solution formulation 
recorded less than half the price per annum to 
patients compared to its lower concentration 
pilocarpine (0.5%) solution formulation, this trend 
remained constant throughout years of 2005 to 
2015. Similar one instance was also recorded in 
Alpha 2 agonist group of medication in year 2015 
where in cost per annum of Brimonidine (0.2%) 
was slightly less than both its counter parts of 
Brimonidine (0.15%) and brimonidine (0.1%). 
While as expected in terms of combination therapy, 
combination of two most economical groups of 
beta blockers and para-sympathomimetic presented 
the most cost-effective therapy while combination 
of prostaglandins as described above provided to 
be most expensive glaucoma medication therapy. 
And remaining other combinations provided 
median cost in-between highest and lowest costing 
combinations. 
Change is cost per annum of Glaucoma therapy 
from 2005 and 2015 in India
	 Study recorded increase in cost per annum 
to patients of seven formulations by more than 20 
percent in 10 years of 2005 to 2015. Amongst them 
timolol maleate solution (0.5%) recorded highest 
of 62.19 percent rise in price per annum to patient 
which was followed by 58.10, 43.87, 40.63, 36.65, 
and 27.71 for travoprost, combination of timolol & 
pilocarpine, brimonidine (0.15%), timolol maleate 
gel forming solution, combination of dorzolamide 
& timolol Maleate and combination of Timolol 
& Brimonidine respectively. And overall, three 
formulation recorded rise in its cost by between 
5 to 20 percent which include Pilocarpine (2%), 
combination of Latanoprost &Timolol, and 
Betaxolol (0.5%). And five other formulation like 
Dorzolamide, Pilocarpine Gel, Timolol Maleate 
(0.25%), Apraclonidine (0.5%), and Brimonidine 
(0.10%) recorded rise in its annual cost to patients 
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of less than 5 percent in between those 10 years. 
	 While majority of formulation recorded 
increase in cost per annum, formulation like 
Pilocarpine (0.5%), Dipivefrine, Timolol Maleate 
Unit Dose, Betaxolol (0.25%), and Levobunolol 
reported no change in price per annum to patients in 
India from year 2005 to 2015. And surprisingly four 
formulation reported fall in its price per annum over 
years which included Apraclonidine, Brimonidine 
(0.2%), Latanoprost and Bimatoprost. Amongst 
them Bimatoprost recorded highest -36.38 
percent fall in price per annum to patient which 
was followed by -5.28 percent of Latanoprost, 
-4.06 percent of Brimonidine (0.2%), while 
Apraclonidine (1%) recorded only marginal fall 
of -0.60 percent in its price over these ten years. 
	 When calculated by category of glaucoma 
formulation, betablockers are responsible for 
39.21 percent rise in overall cost of glaucoma 
medication over 10 years of study, followed by 
34.74 percentage of combination therapy. As a 
result, beta blockers and combination therapy are 
collective responsible for 73.95 percent of total of 
all increase in price to patient by per for glaucoma 
medication. While alpha 2 agonist category drug 
formulations were responsible for 13.42, other 
categories like para-sympathomimetic, Carbonic 
anhydrase inhibitors, Prostaglandin Analogue 
resulted for 12.63 percent responsible for overall 
increase in price of glaucoma medication.

CONCLUSION

	 Cost of glaucoma drug therapy varies 
from few hundred to several thousand rupees 
in India.  Beta blockers were documented to be 
most economical therapy of glaucoma patient in 
India, while prostaglandins and its combinations 
were documented to be most expensive. Although 
price per annum of glaucoma medication in India 
remains to be significantly less compared to other 
developed countries, steep rising cost first line 
drugs like timolol maleate over the years forecasts 
risings concern to patient in India. As almost all 
the formulation for treatment of glaucoma remains 
to be either in solution or suspension form, it is 
suggested to develop other formulation of same 
drugs into other dosage forms like ointment, gels, 
and emulsions which could be provide better 
reduction in IOP at lower concentration than 

existing formulation. More focus should be given to 
cost effective formulation to restrict the continuous 
rising cost of glaucoma drug therapy in India. 
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