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Glaucoma, a progressive optic neu-
ropathy characterized by axonal
damage and visual field loss, affects

an estimated 65 million people worldwide.1

Approximately 120,000 Americans have
developed blindness as a result of glauco-
ma, making it the second leading cause of
blindness overall and the leading prevent-
able cause of blindness in the United
States.2 The estimated annual cost of
glaucoma to the US federal government is
$1.5 billion.2

Elevated intraocular pressure (IOP) is a
significant risk factor for glaucoma,
although not all glaucoma patients exhibit
elevated IOP.3 Because no direct therapy
exists for the optic neuropathy associated
with the condition, glaucoma manage-
ment focuses on lowering IOP levels with
either ocular hypotensive medications or
surgery.4 This approach is supported by
results of several studies demonstrating
that reductions in IOP levels slow the pro-
gression of the disease.5-8

Topical β-blockers such as timolol and
betaxolol are established first-line ocular
hypotensive agents for the treatment of
glaucoma and remain the most common
medicines prescribed as monotherapy.9

Within the past 10 years, 3 new classes of
drugs have been introduced for the treat-
ment of glaucoma: the alpha-antagonists
(including brimonidine), the topical car-
bonic anhydrase inhibitors (including
dorzolamide), and the prostaglandin ana-
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logues (including latanoprost). All of these
agents have been shown to lower IOP to a
similar or greater extent than timolol,10-13

offering physicians additional therapeutic
options for the management of glaucoma.

Even the most effective agents for low-
ering IOP are ineffective if the patient is
not persistent with therapy, which can be
dependent on the effectiveness, side-effect
profile, and administration/dosing frequen-
cy of any given agent.14-15 Dissatisfaction
with any of these factors may result in
the switching of therapy to another agent,
the addition of another medication to the
therapeutic regimen, or the discontinua-
tion of ocular hypotensive therapy by the
patient altogether. A review of the litera-
ture failed to identify any published studies
that examined the prevalence of or rate of
therapy discontinuation or therapy change
(switching or adding) in patients receiving
pharmacologic treatment for glaucoma.
The purpose of this study was to quantify
rates of discontinuation and change in
therapy of different glaucoma medications
in a managed care population.

Methods

This study was conducted over a 6-
month period between May and November
2001 within Blue Cross of California, one of
the leading health insurers in the state with
approximately 3.68 million enrolled mem-
bers during the fourth quarter of 2000. The
study was limited to the large group and
individual/small group lines of business,
with a total of 2.84 million enrolled mem-
bers.

Prescription claims were examined in
order to identify patients who received at
least 1 prescription for any of the following
ophthalmic agents between July 1, 1998
and June 30, 1999 (intake period): betax-
olol, timolol, latanoprost, dorzolamide,
brimonidine, or timolol/dorzolamide. The
date of the first prescription filled (index
prescription date) for each patient for any
of the above agents during the intake
period was identified. Patients then were
placed into 1 of 6 groups based on the first
drug they received (index prescription).
Patients who received only 1 of these
agents and no other antiglaucoma agents

on the index prescription date were
placed into one of the following index
drug categories: betaxolol, timolol, latano-
prost, dorzolamide, brimonidine, or timo-
lol/dorzolamide. Patients who did not fit
into 1 of these 6 groups were excluded
from the analysis.

In order to identify patients who were
newly starting glaucoma therapy, all
patients who received any antiglaucoma
drug in the 180 days prior to the index
prescription date were excluded. Plan eli-
gibility was examined in order to ensure
continuous member enrollment during
the 6 months before the index prescription
date. Patients without continuous enroll-
ment during this period were excluded.
Medical claims and the remaining pre-
scription claims for these patients were
extracted. Patients who underwent glauco-
ma surgery (CPT [Current Procedural
Terminology] codes 66150 through 66172)
in the 180 days prior to the index pre-
scription date were excluded, as were
patients who were not between 20 and 64
years of age. The remaining patients rep-
resented the study cohort. 

Patients were followed for the first 18
months after their index prescription date.
The quantity of the index prescription dis-
pensed was examined. From the index pre-
scription date, prescription claims data
were examined for the next 120 days for
patients who received a bottle of medica-
tion containing 2.5, 5, or 10 mL, and for
the next 180 days for patients who
received either a single 15 mL bottle or
multiple bottles of medication. During this
period, claims were searched for the first
incidence of either a refill of the index drug
or a prescription for a different antiglauco-
ma medication. A refill of the index drug
triggered a subsequent search of the claims
data for the next 120 or 180 days following
the refill date, again dependent on the
quantity of index drug dispensed. This
process continued until one of the following
took place: the patient received a prescrip-
tion for a different antiglaucoma medica-
tion; the patient completed a 120- or
180-day follow-up period without getting
a refill of the index drug and without
switching to or adding a different antiglau-
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coma medication; or the patient reached
the end of the 18-month study period
while remaining on their index drug.

Patients who received a prescription for
a different antiglaucoma medication dur-
ing a 120- or 180-day follow-up period
regardless of continued index drug use
were identified as therapy changers, and
days of therapy on the index drug received
before changing therapy was calculated as
the date of therapy change minus the
index prescription date. If at any time a
patient completed a 120- or 180-days fol-
low-up period without refilling the index
drug or changing therapy, the patient was
identified as a therapy discontinuer, and
the days of therapy received was calculat-
ed as the discontinuation date (date of last
refill of index drug [before discontinuing]
plus 120- or 180-day follow-up period)
minus the index prescription date. In
order to ensure that patients identified as
therapy discontinuers did not disenroll
from the health plan during a follow-up
period, the patient’s medical eligibility
record was examined. Patients who did in
fact disenroll from the plan before the dis-
continuation date were re-identified as
plan disenrollers, and days of therapy
received was calculated as the disenroll-
ment date minus the index prescription
date. Patients who completed the 18-
month study period without discontinuing
therapy, changing therapy, or disenrolling
from the plan were identified as therapy
completers, and days of therapy on the
index drug was set at 18 months (548 to
550 days, dependent on the month of the
index prescription date).

Descriptive statistics, including means
(± standard deviation [SD]) for continu-
ous data and relative frequencies for cate-
gorical data, were compared using t- and
chi-squared tests, respectively. The length
of follow-up was not uniform for all mem-
bers; therefore, discontinuation and change
events were normalized by dividing by
the sum of each individual’s time of obser-
vation. These crude incident densities
were compared by calculating incident rate
ratios and associated 95% confidence inter-
vals using the Exact Method. Secondary
to potential selection bias associated with

a retrospective design, the primary out-
comes (discontinuation of therapy and
discontinuation or change of therapy)
were evaluated by utilizing a multiple
variable Cox proportional hazard model.
Covariates included age, sex, glaucoma
type (determined by ICD-9 [International
Classification of Diseases, Ninth Revision]
codes), and the frequency of glaucoma vis-
its (ICD-9 or CPT codes) and ophthal-
mologist visits (provider specialty
codes) during the 180 days prior to the
index prescription date. Model adequacy
and assumptions were verified; remedial
action was not needed. The cumulative
probabilities of continuing therapy were
plotted as a function of time using the
Kaplan-Meier product-limit method. For
all analyses, an a priori 2-sided level of
significance was set at the 0.05 level. All
statistical analyses and modeling were
performed with STATA software version
7.0 (Stata Corporation, College Station,
Texas).

Results

A total of 11,266 patients were identi-
fied who received a prescription for 1 or
more of the study medications during the
intake period. Application of the exclu-
sion criteria, shown in Table 1, resulted
in the exclusion of 10,203 of these
patients, leaving 1063 patients who met
the requirements for study inclusion.
Because of their small sizes, the dorzo-
lamide (n = 25) and timolol/dorzolamide
(n = 32) groups were dropped from fur-
ther analysis. Thus, the final study popu-
lation included 1006 patients. The
baseline characteristics of this group are
presented in Table 2. Groups were gener-
ally similar except that, compared with
the latanoprost group, a significantly larg-
er proportion of males was in the timolol
and brimonidine groups and, on average,
brimonidine-treated patients made signif-
icantly more visits to an ophthalmologist
in the 180 days prior to the index pre-
scription date.

A total of 621 patients (61.7%) discon-
tinued glaucoma therapy with their index
drug within 18 months of the index pre-
scription date. Table 3 presents the inci-
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Table 1. Application of Exclusion Criteria to the Initial Patient Population

Number of Patients
Exclusion Criteria Excluded Remaining Population

Initial population — 11,266

Patient did not fit into 1 of the 6 index drug categories 1815 9451

Patient received any glaucoma drug in the 180 days 5638 3813
prior to the index prescription date

Patient did not have continuous plan enrollment during 825 2988
the 180 days before the index prescription date 

Medical claims data unavailable 88 2900

Patient had undergone glaucoma surgery in the 11 2889
180 days prior to the index prescription date 

Patient was not between 20 and 64 years of age 1826 1063

Number of patients meeting inclusion criteria — 1063

Elimination of dorzolamide and timolol/dorzolamide groups 57 1006

Final study population — 1006

Table 2. Baseline Characteristics of the Final Study Population

Latanoprost Timolol Betaxolol Brimonidine

Patients, n (%) 242 (24.1) 547 (54.4) 111 (11.0) 106 (10.5)

Age (years)

Mean 53.0 53.0 54.3 52.4

20 to 34, n 12 17 6 3

35 to 49, n 62 172 23 34

50 to 64, n 168 358 82 69

Male, n (%) 106 (43.8) 299 (54.7)* 47 (42.3) 60 (56.6)*

Continuous enrollment (days), n

1 to 180 25 47 7 6

181 to 360 16 43 11 6

361 to 540 20 37 8 12

541 or more 181 420 85 82

Type of glaucoma, n (%)

Open-angle 132 (54.5) 244 (44.6) 49 (44.1) 51 (48.1)

Borderline 37 (15.3) 96 (17.6) 16 (14.4) 15 (14.2)

Other/unknown 73 (30.2) 207 (37.8) 46 (41.4) 40 (37.7)

Frequency of glaucoma visits in prior 180 days, n (%)

0 145 (59.9) 365 (66.7) 77 (69.4) 67 (63.2)

1 50 (20.7) 110 (20.1) 19 (17.1) 18 (17.0)

≥ 2 47 (19.4) 72 (13.2) 15 (13.5) 21 (19.8)

Ophthalmologist visits, prior 180 days, mean 1.1 1.3 1.5 1.9*

*P < .05 versus latanoprost
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dent densities and ratios (crude and
adjusted) of therapy discontinuation.
Compared to latanoprost, patients receiv-
ing timolol, betaxolol, or brimonidine
were more likely to discontinue glaucoma
therapy during the 18-month follow-up

period. These results remained
unchanged after adjustment for
age, sex, type of glaucoma, fre-
quency of glaucoma visits, and
frequency of visits to an ophthal-
mologist. The unadjusted Kaplan-
Meier curve for time to therapy
discontinuation is presented in
Figure 1. In patients who did dis-
continue therapy, those using
latanoprost had a significantly
longer average duration of thera-
py (216.5 days) before discontin-
uation, compared to brimonidine
(184.2 days, P = .036), timolol
(183.4 days, P < .001), and betax-
olol (182.8 days, P = .018). 

A total of 805 patients (80.0%)
either discontinued or changed
therapy within 18 months of the
index prescription date. Table 4
presents the incident densities and

ratios (crude and adjusted) of discontinuing
or changing therapy. Compared to
latanoprost, patients receiving timolol, betax-
olol, or brimonidine were more likely to dis-
continue or change their glaucoma therapy
during the 18-month follow-up period. These

Table 3. Incident Densities and Ratios of Topical Glaucoma Therapy Discontinuation (DC) According to
Patient’s Index Drug

Latanoprost Timolol Betaxolol Brimonidine

Patients, n 242 547 111 106

Total patient-years of follow-up 173.8 316.1 65.1 52.0

Number of DCs 118 371 72 60
(%) (48.8) (67.8) (64.9) (56.6)

Crude incident densities of DC (per patient-year) 0.68 1.17 1.11 1.15

Crude rate ratio 1.0 1.73 1.63 1.70
(95% CI) Reference (1.40-2.15) (1.20-2.21) (1.22-2.34)

Adjusted hazard ratio* 1.0 1.67 1.53 1.72
(95% CI) Reference (1.36-2.06) (1.15-2.07) (1.25-2.35)

Adjusted hazard ratio† 1.0 1.61 1.46 1.69
(95% CI) Reference (1.31-1.99) (1.09-1.97) (1.23-2.31)

*Rate ratio adjusted for baseline characteristics age and sex.
†Rate ratio adjusted for baseline characteristics age, sex, type of glaucoma, frequency of glaucoma visits, and frequency of visits to 
an ophthalmologist.
CI = confidence interval.

Figure 1. Unadjusted Kaplan-Meier Curve, Time to Therapy
Discontinuation
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results remained unchanged
after adjustment for age, sex,
type of glaucoma, frequency of
glaucoma visits, and frequency
of visits to an ophthalmologist.
Figure 2 presents the unadjust-
ed Kaplan-Meier curves for time
to therapy discontinuation or
change. Additionally, for the
patients who did discontinue or
change therapy, those using
latanoprost had a significantly
longer average duration of thera-
py (193.4 days) before discontin-
uation or change compared to
timolol (176.1 days, P = .035).

During the study period, 71
patients (7.1%) disenrolled from
the health plan. No significant
differences were seen between
those who disenrolled in the
latanoprost group and all of the
other medication groups regarding the per-
centage of patients disenrolling or the aver-
age number of days of therapy received
before disenrolling. 

A total of 130 patients (12.9%) complet-
ed 18 months of therapy on their index
drug without discontinuing therapy,
changing therapy, or disenrolling from
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Table 4. Incident Densities and Ratios of Topical Glaucoma Therapy Discontinuation (DC) or Change
According to Patient’s Index Drug

Latanoprost Timolol Betaxolol Brimonidine

Patients, n 242 547 111 106

Total patient-years of follow-up 173.8 316.1 65.1 52.0

Number of DCs or changes 168 447 92 98
(%) (69.4) (81.7) (82.9) (92.5)

Crude incident densities of DC or change (per patient-year) 0.97 1.41 1.41 1.88

Crude rate ratio 1.0 1.40 1.36 1.92
(95% CI) Reference (1.17-1.68) (1.06-1.76) (1.50-2.47)

Adjusted hazard ratio* 1.0 1.40 1.38 1.92
(95% CI) Reference (1.17-1.67) (1.07-1.78) (1.49-2.46)

Adjusted hazard ratio† 1.0 1.37 1.34 1.89
(95% CI) Reference (1.15-1.64) (1.03-1.73) (1.47-2.43)

Figure 2. Unadjusted Kaplan-Meier Curve, Time to Therapy
Discontinuation or Change
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*Rate ratio adjusted for baseline characteristics age and sex.
†Rate ratio adjusted for baseline characteristics age, sex, type of glaucoma, frequency of glaucoma visits, and frequency of visits to an
ophthalmologist.
CI=confidence interval.



the health plan. Patients who received
latanoprost were most likely to remain
on their study drug for the entire follow-
up period (22.3%), significantly greater
than those receiving timolol (11.0%, P <
.001), betaxolol (10.8%, P = .010), or bri-
monidine (3.8%, P < .001). 

Discussion

Evidence has existed for some time
demonstrating that IOP reduction slows
the progression of glaucomatous optic
neuropathy,6-8 but until recently, the proof
of this association was somewhat weak.3 A
recently completed arm of the Advanced
Glaucoma Intervention Study demon-
strated that IOP reduction effectively
slowed or prevented the visual field loss of
glaucoma over 6 years.5 Further, the pro-
tective effect of IOP reduction appeared to
become more prominent over time. As
nonadherence to topical glaucoma thera-
py during the first year of therapy is sub-
stantial,16 the importance of selecting an
initial agent that is both effective in lower-
ing IOP and well tolerated by patients is
paramount. Comparing discontinuation
and change in therapy rates of glaucoma
medications provides insight as to which
therapies perform more effectively. 

In this study, patients commencing glau-
coma therapy with latanoprost were
found to be significantly less likely to dis-
continue or change therapy than those
receiving timolol, betaxolol, or brimoni-
dine. Although the reason for this differ-
ence could not be definitively determined
within the study population because of data
limitations, several hypotheses merit men-
tion. Head-to-head clinical trials have
shown latanoprost to be a more effective
IOP-lowering agent than timolol10,11,17 and
brimonidine;18-20 similar studies comparing
latanoprost to betaxolol have not been con-
ducted. Latanoprost also has been shown to
be less likely than brimonidine20 and timo-
lol21 to cause systemic side effects; as a
class, the ophthalmic β-blockers have been
linked to potentially life-threatening car-
diovascular side effects and exacerbations
of reactive airway disease.3,22-23 Lastly, a
decreased dosing frequency for the oph-
thalmic glaucoma agents has been associated

with improved adherence to therapy.16,24-25

Latanoprost is administered once daily, the
topical β-blockers generally are adminis-
tered twice daily (except for the once-daily
gel-forming solutions), and brimonidine is
administered 2 or 3 times daily. Any one or
a combination of these factors may have
contributed to our findings.

In a retrospective study of elderly
Medicaid patients newly initiated on topi-
cal glaucoma therapy, 23% of patients did
not receive a second prescription for any
glaucoma medication during the 12-month
period following the start of therapy.16

Within the patient population of the cur-
rent study, 256 patients (25.4%) did not
receive a second prescription for their
index drug during the 18-month follow-up
period. Although the results from these 2
studies cannot be compared to one anoth-
er because of differences in study method-
ology and the follow-up period, both
studies clearly show a significant propor-
tion of patients discontinue their glauco-
ma therapy soon after its commencement. 

This study has several limitations. As
this was a retrospective database analysis,
the prescribing physicians’ rationale for
changing the patient’s therapy was not
available, but possible reasons may have
included agent ineffectiveness, intolerable
side effects, or drug administration/dosing
frequency issues. Whether therapy dis-
continuations were precipitated by physi-
cian order or patient decision also could
not be determined. A study that included
a review of the patient’s medical chart
would address these concerns; one such
study is currently under way. In addition,
the long follow-up periods after a prescrip-
tion was filled (120 or 180 days, depend-
ing on quantity dispensed) before a
patient was considered to have discontin-
ued therapy may have overestimated the
duration of therapy before discontinua-
tion. These long periods were necessary
because of variations in dosing regimens
and the average number of days of thera-
py per bottle.26 Moreover, the study inclu-
sion criteria did not require that patients
have an ICD-9 diagnosis of glaucoma with-
in their medical claims data. As the degree
of concordance between topical glaucoma
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medication use and a diagnosis of glauco-
ma is high,27 this requirement was consid-
ered unnecessary for the current study. A
post-hoc examination of the 1006 study
subjects revealed that 40 (4.0%) had diag-
noses for other ophthalmologic conditions
(ICD-9 codes 362 through 364) such as
diabetic retinopathy, macular degenera-
tion, and iridocyclitis without a diagnosis
of glaucoma. The hazard ratio of events
between these 40 patients and the remain-
ing 966 patients was not different (log-
rank P = .40), and the crude rate ratios for
therapy discontinuation or change retained
their statistical significance following the
removal of these 40 patients. Lastly, the
nature of the data did not allow for the
determination of actual patient compliance
with medication regimens or the impact of
product samples on prescription refill rates.
However, prescription refill compliance
measures have been shown to correlate
with serum drug levels and/or drug effects.28

In conclusion, with new evidence
demonstrating that long-term reductions
in IOP levels can slow or prevent the visu-
al field loss of glaucoma,5 the importance
of selecting an initial agent that is effec-
tive, well tolerated, and convenient is
essential. The results of this study indicate
that starting glaucoma patients on
latanoprost therapy results in a lower rate
of therapy discontinuation or change com-
pared to patients started on betaxolol, bri-
monidine, or timolol. These results should
be strongly considered by ophthalmolo-
gists as they select an initial agent for their
glaucoma patients who will be commenc-
ing IOP-lowering therapy. 
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