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Abstract

Purpose: Patients with glaucoma often require multiple topical medications to reach target intraocular pressure.
This database analysis examined persistence and adherence in patients’ prescribed fixed-combination brimonidine/
timolol, fixed-combination dorzolamide/timolol, or various commonly used two-bottle combinations.

Participants: Glaucoma patients (ICD-9 code: 365.xx; n=7883) from the Source Healthcare Analytics Source® Lx
database with an index prescription for fixed-combination brimonidine/timolol, fixed-combination dorzolamide/timolol,
or various commonly used two-bottle combinations during the 6-month qualifying period (January 2008—June 2008),
but not the 12 months before, were included.

Methods: In this retrospective prescription database analysis, adherence and persistence for fixed-
combination brimonidine/timolol were compared to fixed-combination dorzolamide/timolol and various commonly
used two-bottle combinations. The two-bottle arms were: B-blocker+brimonidine; B-blocker+carbonic anhydrase
inhibitor; B-blocker+prostaglandin analogue; carbonic anhydrase inhibitor+brimonidine; carbonic anhydrase
inhibitor+prostaglandin analogue; and prostaglandin analogue+brimonidine.

Main outcome measures: Persistence for brimonidine/timolol was compared with each of the comparators
using Kaplan-Meier survival analysis for 12 months after the index prescription. Adherence was assessed using the
medication possession ratio.

Results: Kaplan-Meier analyses found that a significantly greater proportion of patients remained on treatment
with brimonidine/timolol (34.9%) compared with each of the other treatments (13.4%-20.8%; p<0.0001) at the end
of the study period. In addition, the 12-month medication possession ratio was significantly higher for brimonidine/
timolol (42.7%) than for each of the two-bottle arms (23.3%—34.9%; p<0.0001 for all comparisons). The medication
possession ratio for brimonidine/timolol was also slightly, but significantly, higher than that for dorzolamide/timolol
(40.6%; p=0.0208).

Conclusions: Persistence and adherence are higher with a fixed-combination single bottle of brimonidine/timolol

than with fixed-combination dorzolamide/timolol and commonly used two-bottle combinations.
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Introduction

Glaucoma is among the leading causes of irreversible blindness in
the United States and worldwide [1,2]. The prevalence of open-angle
glaucoma, the most common form of glaucoma, in the population aged
> 40 years in the United States has been estimated at 1.86%, with an
estimated 2.22 million people in the United States affected in 2000, and
the total expected to increase to 3.36 million in 2020 due to the aging
population [3]. Glaucoma is characterized by optic neuropathy that
is derived from various risk factors, including increased intraocular
pressure (IOP) [2,4], which is an important risk factor because it is
modifiable [5]. Glaucoma progression (both structural and functional)
is associated with elevated IOP, and lowering IOP has been shown in
a number of studies to inhibit the progression of glaucomatous optic
nerve damage [6-9], leading to a therapeutic focus on lowering IOP.

IOP can be lowered by pharmacological therapy, laser therapy, or
incisional surgery (alone or in combination) [10]. Topical medications
are an effective initial therapy in many patients [10], but studies have
shown that it is often necessary to use multiple topical medications
to achieve target IOP [7,9,11]. For patients in whom treatment with

multiple topical medications is required, this may be achieved by
administering each medication separately from different bottles, or
by using a fixed-combination product that combines medications in a
single bottle. The reduction in IOP achieved with a fixed combination
of two agents is greater than that with either agent alone, and is
at least equal to that with the two components administered from
separate bottles [12-14]. Fixed-combination products have the
potential to further facilitate IOP reduction. Such products combine
two medications with combined or complementary actions on IOP.
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In addition, they may reduce “washout” effects that may occur with
sequential administration of two separate topical medications (where
the first medication may be washed away by the second), and may
encourage better patient adherence and persistence with treatment
[15].

As in any condition, persistence (ie, continuity of the regimen over
time) and adherence (ie, the accuracy with which a patient follows
the prescribed regimen) to therapy is essential for adequately treating
glaucoma. Poor adherence and persistence with glaucoma medication
may lead to worse clinical outcomes [16]. However, the necessary level
of adherence is frequently not achieved by patients with glaucoma
[17]. One of the factors shown to be associated with lower rates of
persistence and adherence is use of multiple glaucoma medications,
particularly when administered in separate bottles [18-22]. Thus, use of
fixed combinations of multiple topical glaucoma medications may help
to improve persistence and adherence; studies examining persistence
with fixed-combination medications support this hypothesis [20,23].

The purpose of this analysis was to examine whether persistence
and adherence differ between patients prescribed a fixed combination
of topical brimonidine/timolol as a single bottle versus those prescribed

fixed-combination dorzolamide/timolol, or various two-bottle
combinations.
Materials and Methods

This analysis utilized data from the Source Healthcare Analytics
Source® Lx database. Source® Lx is a longitudinal patient-level
database of submitted prescription, physician practice (CMS1500),
and hospital (CMS1450) administrative claims for over 115 million
patients, captured as they move between the provider and the payer.
The Source® Lx database is a patient-level, integrated data source with
broad and representative geographic coverage, which includes a unique
patient-linking process that provides a more complete view of patient
treatment history, and enables patients to be tracked even if they
change insurance plans. The database is representative of the census
population across age, sex, and geography [24], and includes patients
from a wide representation of plans. Qualifying sample patients from
the database were tracked over time. The analysis was compliant with
the Health Insurance Portability and Accountability Act (HIPAA).
Institutional review board approval was not required because the data
were collected on a secondary, anonymous basis.

Patients with a diagnosis of glaucoma (ICD-9 code: 365.xx) who
had an index (qualifying) prescription for a product of interest during
the 6-month qualifying period from January 2008 to June 2008, and
no prescription for the same product during the 12 months prior to
the index prescription (ie, product naive), were identified. To qualify
for the two-bottle combination arms, patients were required to have a
prescription for an additional glaucoma drug within 30 days of the index
drug. Furthermore, patients had to be product naive (no drug within
the 12-month pre-index period) for at least one of those two drugs.
The fixed-combination arms were brimonidine/timolol (reference
group) and dorzolamide/timolol. The two-bottle combination arms
were: 3-blocker+brimonidine; f-blocker+carbonic anhydrase inhibitor
(CAI, acetazolamide, methazolamide, brinzolamide, or dorzolamide);
B-blocker+prostaglandin analogue (PGA; bimatoprost, latanoprost, or
travoprost); CAI+brimonidine; CAI+PGA; and PGA+brimonidine.

The days’ supply for each medication was calculated using the
following formula:

Days’ supply=[number of drops/bottle]+([number of drops/
dose]x[number of administrations/day]).

Data for the number of drops per bottle was obtained from
previously published sources [25,26].

Bilateraluseofeyedropswasassumedforall patients. Administration
of medication per labeling was used for all medications. This method
was used to calculate a more accurate days’ supply because the day’s
supply field available in claims databases is subject to inaccuracy for
non-discrete drug formulations such as eye drops [27,28].

Statistical Methods
Medication persistence

Kaplan-Meier analysis was performed to compare the proportion
of patients remaining on therapy, at each month for up to 12 months
past the index prescription, between fixed-combination brimonidine/
timolol and the comparators. A patient was deemed to be “on continuous
therapy” as long as they continued to refill the prescription(s) before the
days’ supply plus the grace period (60 days) applicable to the previous
fill ran out. If a patient did not refill the next prescription within this
time period, they were deemed to be “off therapy.” To determine
the discontinuation date, the number of days’ supply from the last
prescription fill plus the 60-day grace period was considered. For the
two-bottle combination cohorts, a similar methodology was applied. A
patient was considered “off therapy” if they failed to refill either one of
the two bottles within the required time period. It should be noted that
this 60-day grace period is commonly used in other claims database
studies in the literature [29-34]. P values were obtained using the log-
rank test for homogeneity in the SAS/STAT software, version 9 for
Windows (SAS Institute Inc., Cary, NC, USA) LIFETEST Procedure.

If a patient switched within the same class of medications (eg,
from the PGA latanoprost to the PGA travoprost), the patient was not
considered persistent on the index drug.

Medication adherence

Medication possession ratio (MPR) for fixed-combination
brimonidine/timolol and dorzolamide/timolol was calculated using
the following equation:

MPR=([number of days medication was “on hand”]+365)x100.

For the two-bottle combination arms, MPR was calculated using
the following equation:

3

MPR=([number were “on

hand”]+365)x100.

of days both medications

Qualified patients for the analysis were tracked for 12 months after
their index prescription to determine MPR. P values were based on a
statistical test for comparing two binomial proportions using a normal
approximation.

Proportion of patients on therapy by month after accounting
for restarts

A descriptive analysis was conducted to assess difference in the
proportion of patients remaining on therapy at each month for up to
12 months past the index prescription using the inclusion of restarts
methodology from Schwartz et al. [35]. Discontinuation of therapy
was defined as no refill of the study drug within the expiration period
(number of days’ supply from the last prescription fill plus a 60-day
grace period). Among discontinued patients, restarts were defined as
patients who refilled their index drug at any time after the expiration
period. For the combination cohorts, a similar methodology was

J Clin Exp Ophthalmol
ISSN:2155-9570 JCEO an open access journal

Volume 3 ¢ Issue 8 + 1000248



Citation: Schwartz GF, Burk C, Bennett T, Patel VD (2012) Adherence and Persistence with Glaucoma Therapy: Brimonidine/Timolol versus
Dorzolamide/Timolol and Various Two-Bottle Combinations. J Clin Exp Ophthalmol 3:248. doi:10.4172/2155-9570.1000248

Page 3 of 6

applied. Discontinuation of therapies was defined as when at least
one of the index drugs was not refilled within the expiration period.
P values were based on a statistical test for comparing two binomial
proportions using a normal approximation.

Results

The analysis included data from a total of 7883 patients:
brimonidine/timolol  (n=1242); dorzolamide/timolol  (n=2868);
B-blocker+brimonidine (n=365); B-blocker+CAI (n=236);
B-blocker+PGA (n=1025); CAl+brimonidine (n=329); CAI+PGA
(n=618); and PGA+brimonidine (n=1200). Differences among the
groups in mean patient age were small (mean age, 69.7-71.9 years),
although statistical significance versus brimonidine/timolol was
reached in some groups (dorzolamide/timolol, P-blocker+PGA,
CAI+PGA, and PGA+brimonidine; Table 1). Similarly, differences
among groups in the proportion of female patients were small
(proportion female, 52.5%-59.8%), although statistical significance
versus brimonidine/timolol was reached in some groups (dorzolamide/
timolol, P-blocker+CAI, B-blocker+PGA, and PGA-+brimonidine;
table 1).

Persistence ~ with  fixed-combination  brimonidine/timolol
compared with different agents using the Kaplan-Meier analysis over
the 12-month period is shown in figure 1. The analysis showed that
persistence was higher with fixed-combination brimonidine/timolol
than with each of the comparators from month 6 onwards; a significantly
greater proportion of patients remained on fixed-combination
brimonidine/timolol (34.9%) compared with each of the comparator
therapies (13.4%-20.8%; p<0.0001) at the end of the study period. The
differences between fixed-combination brimonidine/timolol and the
comparators remained significant (p<0.0001) in sensitivity analyses
where the grace period was varied to 15, 30, or 90 days.

Adherence using MPRs over 12 months following the index
prescription for fixed-combination brimonidine/timolol compared
with each of the comparator therapies is shown in table 2. The MPR
for fixed-combination brimonidine/timolol (42.7%) was significantly
higher than the values for each of the two-bottle combination therapies,
which ranged from 23.3% to 34.9% (p<0.0001 for all comparisons).
The MPR for brimonidine/timolol was only slightly higher than that
for fixed-combination dorzolamide/timolol (40.6%), although the
difference reached statistical significance (p=0.0208).

The number of patients who restarted the index drug(s) during
the evaluation period was 143 for brimonidine/timolol, 264 for
dorzolamide/timolol, 29 for -blocker+CAl, 183 for B-blocker+PGA,
32 for CAl+brimonidine, 73 for CAI+PGA, 194 for PGA-+brimonidine,
and 0 for B-blocker+brimonidine. The descriptive analysis looking

Sex, %
Treatment Arm Mean Age, y

Female Male Unknown
Brimonidine/timolol (n=1242) 69.8 59.8 399 02
Dorzolamide/timolol (n=2868) 70.3** 56.3" 431 0.6
B-blocker+brimonidine (n=365) 70.0 57.8 414 0.8
B-blocker+CAl (n=236) 70.2 52.5% 46.6 0.8
B-blocker+PGA (n=1025) 71.9t 55.9% 440 01
CAl+brimonidine (n=329) 69.7 56.8 426 0.6
CAI+PGA (n=618) 70.3* 57.0 426 05
PGA+brimonidine (n=1200) 70.31 56.6* 428 0.6

CAI: Carbonic Anhydrase Inhibitor; PGA: Prostaglandin Analogue
*p<0.05; **p<0.01; tp<0.0001 vs brimonidine/timolol

Table 1: Baseline demographics of patients with glaucoma included in analyses.
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CAI: Carbonic Anhydrase Inhibitor; PGA: Prostaglandin Analogue

Figure 1: Kaplan-Meier analysis of patients with glaucoma remaining on a
fixed combination of brimonidine/timolol compared with a fixed combination
of dorzolamide/timolol or various two-bottle combinations of topical glaucoma
therapy for up to 12 months following the index prescription.

Medication Combination MPR, % P Value vs Brimonidine/Timolol
Brimonidine/timolol (n=1242) 42.7 -

Dorzolamide/timolol (n=2868) 40.6 0.0208

B-blocker+brimonidine (n=365) 23.3 <0.0001
B-blocker+CAl (n=236) 25.0 <0.0001
B-blocker+PGA (n=1025) 25.4 <0.0001
CAl+brimonidine (n=329) 26.3 <0.0001
CAI+PGA (n=618) 34.9 <0.0001
PGA+brimonidine (n=1200) 32.2 <0.0001

CAl: Carbonic Anhydrase Inhibitor; MPR: Medication Possession Ratio; PGA:
Prostaglandin Analogue

Table 2: MPRs for fixed-combination brimonidine/timolol versus fixed-combination
dorzolamide/timolol or various two-bottle combinations of topical glaucoma therapy
for up to 12 months following the index prescription.

at the proportion of patients on the index treatment at each month
(allowing inclusion of restarts) showed that from month 5 onwards,
with only a few exceptions, a significantly greater proportion of patients
was on the fixed combination of brimonidine/timolol compared with
each of the comparator groups (p<0.05; Table 3). Among patients
with an index prescription for the fixed combination of brimonidine/
timolol, 64% were on treatment at 6 months, and 45% at 12 months. In
comparison, in the dorzolamide/timolol arm, 50% of patients were on
treatment at 6 months and 24% at 12 months, while in the two-bottle
arms, the proportion of patients on therapy ranged from 45%-55% at
month 6, and 20%-33% at month 12. Similar significant differences
between fixed-combination brimonidine/timolol and the two-bottle
combinations were observed when the grace period was varied to 15,
30, or 90 days.

Discussion

Persistence and adherence with topical glaucoma medications
is essential to maintain control of IOP and effectively treat glaucoma
[36]. Our study evaluated both persistence (continuity of the regimen
over time) and adherence (the accuracy with which a patient follows
the prescribed regimen), as each of these parameters provides valuable
information about whether a patient is taking their medication as their
physician intends. The current analysis demonstrated that persistence
with topical glaucoma therapy was higher with a fixed combination
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Brimonidine/ | Dorzolamide/

Month | Timolol Timolol B-blocker+Brimonidine | B-blocker+CAl |B-blocker+PGA | CAIl+Brimonidine CAI+PGA PGA+Brimonidine
(n=1242) (n=2868) (n=365) (n=236) (n=1025) (n=329) (n=618) (n=1200)

1 100 100 100 100 100 100 100 100

2 100 100 100 100 100 100 100 100

3 100 100 100 100 100 100 100 100

4 100 100 96.7 90.7* 95.7 92.4** 95.8 99.0

5 77.5 95.3¢ 58.4+ 61.0% 61.6% 62.3% 79.9 70.3*

6 64.1 50.2% 45.8* 49.2f 49.9¢ 447+ 54.9** 53.6"

7 57.6 50.5** 38.9% 42.8f 44.5% 38.0% 48.9** 46.3"

8 54.8 46.8** 36.2¢ 33.9¢ 40.8¢ 35.0¢ 44 5% 43.5t

9 52.3 42.0t 31.5% 30.1% 38.0* 29.5% 38.5¢ 39.8¢

10 49.5 36.1% 29.9% 30.5% 36.8¢ 25.5% 35.4% 38.2f

11 46.5 30.3¢ 28.8% 28.8¢ 34.3% 23.4% 30.7¢ 35.4t

12 45.0 24.0% 23.0¢ 26.3* 31.6% 20.1% 28.2¢ 33.41

CAl: Carbonic Anhydrase Inhibitor; PGA: Prostaglandin Analogue
*p<0.05; **p<0.01; tp<0.001; £p<0.0001 vs brimonidine/timolol

Table 3: Proportion of patients (%) with glaucoma on fixed-combination brimonidine/timolol versus fixed-combination dorzolamide/timolol or various two-bottle combinations
of topical glaucoma therapy (with inclusion of restarts) each month for up to 12 months following the index prescription.

of brimonidine/timolol than with fixed-combination dorzolamide/
timolol and various two-bottle combinations, as shown by both
Kaplan-Meier survival analysis and an additional descriptive analysis
of patients on therapy at each month that accounted for stopping and
restarting of therapy. The MPR for fixed-combination brimonidine/
timolol, a measure of adherence, was significantly higher than for each
of the comparators over the study period. This higher adherence and
persistence for fixed-combination brimonidine/timolol could be due to
its superior tolerability compared with dorzolamide/timolol. However,
claims databases do not have the necessary variables needed to test this
hypothesis.

A study comparing persistence among patients with glaucoma
receiving topical combination therapy administered via a single bottle
(fixed combination of dorzolamide/timolol), a two-bottle combination
(a B-blocker and one other glaucoma product), or a three-bottle
combination (three different therapies) showed that persistence after
1 year was highest in those receiving the single-bottle therapy (35.3%),
followed by the two-bottle combination (27.2%; p<0.0001 vs single-
bottle therapy), with the three-bottle combination having the lowest
persistence (23.9%; p<0.0001 vs single-bottle and two-bottle therapy)
[20]. These findings are consistent with the results of the current study,
showing that persistence was markedly higher with the single-bottle
fixed combination of brimonidine/timolol than with various two-
bottle combinations.

Caution must be used in making comparisons with persistence
and adherence data from other analyses, as methodologies can differ
between them. For example, the definitions used for persistence may
differ, particularly with regard to how the days’ supply is calculated and
whether the analysis accounts for restarts following gaps in therapy,
which is common in clinical practice and greatly influences the results
of such analyses [35]. Studies may also use different grace periods within
which patients are required to refill their prescription to be considered
persistent. In the current study, with the primary analysis utilizing
a 60-day grace period, a patient with only one or two prescriptions
would still be considered “on therapy” for the duration that the grace
period applied; thus, in the persistence analysis and the analysis of the
proportion of patients on therapy by month (accounting for restarts),
the proportion remains at 100% during the initial 3-4 months.
Alternative grace periods were examined in a sensitivity analysis and
showed similar findings to the primary analysis. Persistence began to

decline across all products at approximately 5-6 months, although it
remained higher with brimonidine/timolol; it is possible that this effect
could have been associated with follow-up office visits and subsequent
regimen changes, rather than patients lapsing from utilizing the
prescribed treatment. Another factor that could have influenced the
findings of the current study is that patients likely had to pay only
one co-pay for prescriptions for fixed-combination brimonidine/
timolol (although this may not be the case for all prescription plans),
which could increase persistence. The findings could also have been
influenced by demographic characteristics such as income; however,
detailed patient demographics were not available in the database.

Similarly, using different definitions for adherence may lead to
different findings for MPRs for glaucoma therapies. In the current
analysis, the MPR with fixed-combination brimonidine/timolol
(42.7%) was significantly higher than with each of the two-bottle
combinations (23.3%-34.9%; p<0.0001). In addition, the MPR for
brimonidine/timolol was slightly higher than with dorzolamide/timolol
(40.6%), although the difference did reach statistical significance
(p=0.0208). Given the small difference in MPR between the two fixed-
combination arms, it should be considered whether this difference
is clinically meaningful. Although the mean age of subjects in the
brimonidine/timolol group was significantly lower than that of several
of the two-bottle combination groups, it differed by only 2 years at
most. Therefore, we do not expect these differences to affect our results.
Other adherence analyses [37-39] report MPR results (depending upon
the imputation method used for days’ supply) ranging from 47% to
76.3%; thus, further studies evaluating the differences in persistence
and adherence between fixed-combination brimonidine/timolol and
dorzolamide/timolol are needed.

Physicians may not always be aware when a patient is not being
adherent or persistent with glaucoma medication. Patients who are
non-adherent or become non-persistent with glaucoma therapy
commonly show cyclic behavior (eg, exhibiting good adherence during
a short period preceding an office visit [“white coat adherence”], and
subsequently declining in adherence over time following the visit,
or restarting medication after periods of several months without
use) [35,37]. If a patient has had a gap in therapy, but has resumed
medication shortly before an office visit, the patient may appear to be
at an optimal IOP, but may have had visual field progression as a result
of the lapse in therapy [40]. In order to optimize patient adherence
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and persistence with topical glaucoma therapy, it is important for
physicians to recognize potential obstacles early in the treatment plan,
and plan therapeutic interventions accordingly [41].

The nature of persistence behavior seen in patients with glaucoma
is also an important consideration when conducting studies evaluating
medication persistence, and it has been shown that it is important to
account for restart rates [35]. In the current study, we conducted both
a traditional Kaplan-Meier survival analysis and a secondary analysis
of patients remaining on therapy that accounted for restarts. Both
analyses were consistent in demonstrating significantly improved
persistence between fixed-combination brimonidine/timolol and the
comparator therapies.

There are some potential limitations of this study that should
be considered when interpreting the findings. The analysis is based
on prescription claims data; therefore, patients are not directly
observed, and assumptions are made based on filling or apparent
failure to fill prescriptions or refills. For example, if a patient did not
fill their prescriptions for a period, but continued to use medication
(eg, because of receiving medication samples), they may have been
incorrectly categorized as being non-persistent or non-adherent to
therapy. However, due to the extended 12-month time frame of follow-
up, and the supplementary analysis accounting for restarts that would
capture a patient filling the next prescription after finishing sample
medication, this is less likely to have occurred or to have affected the
findings of the study. In addition, since it is common for physicians
to provide most patients with samples, we would expect the rate and
impact of providing samples to be similar across the treatment arms,
except perhaps for B-blockers, which may not have had samples
available at the time of the study, Similarly, it cannot be determined
why specific drugs were prescribed, or why a medication has been
discontinued; physicians may switch a patient’s medication due to
noncompliance with a specific drug/combination, but also as a result
of adverse effects. Another inherent limitation of claims data is that
a patient filling the prescription is not a guarantee of them using the
medication. In addition, by the design of this study, patients in the
two-bottle combination cohort have a higher likelihood (probability)
of failing to fill one of the medications than patients in the fixed-
combination arms who are only getting one bottle. This may artificially
show lower adherence in the two-bottle combination arms. However,
if patients included in this study did inadvertently make such errors
in requesting refills, this reflects the reality of how patients may make
errors that impact their treatment, and further illustrates the potential
benefit of a fixed-combination medication in reducing the risk of such
errors leading to unintended alterations in the treatment received. It
is difficult to know how comparable the group of patients included
in our analysis is to the population of patients with glaucoma in the
community; however, given that our sample was community-based
and derived from a large, diverse dataset, we would expect the data to
be representative of the population at large.

In conclusion, adherence and persistence with topical glaucoma
therapy were higher with a fixed combination of brimonidine/timolol
than with fixed-combination dorzolamide/timolol or various two-
bottle combinations. Even with considering patient restart behavior,
the fixed combination of brimonidine/timolol showed significantly
higher persistence compared with other therapies. The results of this
analysis illustrate the importance of understanding patient behavior as
it relates to medication adherence and persistence, and that differences
occur among glaucoma treatment patient populations.
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