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Purpose: To investigate the impact of an intervention program to improve adherence with topical, once daily
therapy for glaucoma.

Design: Randomized controlled clinical trial.
Participants: Sixty-six patients with glaucoma being treated with a prostaglandin analog in 1 or both eyes

at the Scheie Eye Institute or Wilmer Eye Institute between November 2006 and June 2007.
Methods: In an observational study, participants who took 75% or fewer doses (as measured using the

travoprost Dosing Aid [DA]) during an initial 3-month period were randomized into 2 groups. The intervention
group watched an educational video, reviewed current barriers to drop-taking and possible solutions with a study
coordinator, received regular phone call reminders, and had audible and visible reminders activated on their DA
devices. The control group was told to take drops as prescribed and received no additional intervention.

Main Outcome Measures: Change in drop use adherence as determined by the DA device.
Results: In the 3-month observation period before randomization, intervention group patients had used a

mean of 54�17% of scheduled doses, and this increased to 73�22% during the following 3-month period
(P�0.001, n � 35). The control mean adherence rate of 46�23% at baseline was statistically unchanged during
the follow-up observation period (51�30%, P � 0.16, n � 31). In a multivariate analysis, intervention, baseline
compliance rate of �50%, and white ethnicity were predictors of improved adherence during the 3 months of
intervention. The intraocular pressure (IOP) of the intervention and control groups did not change between
months 3 and 6 after intervention (P � 0.96, 0.34, respectively), and there was no correlation of IOP change with
adherence rate change between both groups (Pearson correlation r � 0.06, P � 0.51).

Conclusions: A multifaceted intervention significantly increased adherence with glaucoma medications.
Those with improved adherence were in the intervention group, had very low adherence rates at baseline, and
were white. IOP did not correlate with adherence. Further research is needed to determine which components
of this intervention were most effective.
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Adherence to chronic therapy in asymptomatic disease, both
for systemic conditions1 and for glaucoma,2,3 is less than ideal;
repeated documentation has demonstrated that patients take
70% or less of prescribed treatment. Multiple clinical trials
have proven that the lowering of intraocular pressure (IOP)
slows glaucoma progression.4,5Alternatively, higher IOP is
associated with greater incidence and prevalence of open-
angle glaucoma, as reported in the Barbados Incidence
Study of Eye Diseases6 and the Baltimore Eye Survey.7

Thus, the authors believe it is logical to assume that poor
adherence would be associated with less benefit and worse
outcome because IOP is elevated at times when adherence is
poor. Developing strategies to improve adherence is an
important clinical goal.

Adherence with glaucoma eyedrops is suboptimal for
many reasons, including situational and environmental fac-
tors (e.g., major life events, travel, competing activities,
change in routine); medication regimen factors (e.g., refill,

cost, complexity, change, adverse events); patient-related
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factors (e.g., knowledge, memory, motivation and health
beliefs, comorbidity); and provider-related factors (e.g., sat-
isfaction with and communication by physicians).8 Fried-
man et al9 identified associations with adherence as mea-
sured using a large claims database among patients who also
were extensively interviewed. Cost of medication and for-
getting while away from home were clear risk factors for
poor adherence. In addition, doctor–patient communication
and health-related beliefs of patients contributed to patient
adherence. Patients who were less concerned about the
future effects of glaucoma and the risks of not taking
medications had lower adherence. These findings suggest
that educational efforts in the office, along with reminder
systems, might improve adherence to glaucoma therapy.

There have been many different strategies tested, alone
and in combination, to increase patient adherence to medical
therapy for chronic conditions. McDonald et al10 summa-
rized the results of randomized controlled trials (RCTs) on

interventions to enhance patient adherence to self-administered
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medication, finding that successful interventions included
more instruction for patients, simplified dosing regimens,
added reminders, increased convenience and accessibility to
healthcare, rewards for improvement and counseling, and im-
proved patient–provider communication. A more recent major
review by Haynes et al11 summarized RCTs for interventions
to improve adherence in several chronic conditions, includ-
ing hypertension, diabetes, and asthma. Haynes et al re-
ported that effective interventions for chronic conditions
almost always addressed multiple potential barriers simul-
taneously. Many RCTs failed to demonstrate a benefit from
intervention.

No RCTs studying adherence to glaucoma medications
have been published using medications currently in wide
use for patients with glaucoma. In 1979, Norell12 random-
ized patients to receive an educational intervention to im-
prove adherence among 82 patients taking pilocarpine eye-
drops. Laster et al13 reported a crossover trial in 13 patients
with glaucoma taking pilocarpine using an electronic mon-
itor with an audible reminder. Both studies showed signif-
icant improvement with a single intervention over short
intervals. We used electronic monitoring of drop-taking to
assess a multifaceted program of interventions to improve
adherence with topical, once daily glaucoma medication in
an RCT.

Materials and Methods

Study Design
Patients were recruited from the Glaucoma Services of the Wilmer
Eye Institute and the Scheie Eye Institute. Institutional review
boards at both centers approved the study protocol, and written
informed consent was obtained from all study patients.

The study had 2 phases. Phase 1 was a prospective, observa-
tional cohort study of patient adherence to travoprost therapy for a
3-month interval.14 Because no other bottles for glaucoma medi-
cations fit within the Dosing Aid (DA), it can provide data on use
of travoprost only. Travoprost bottles were supplied to those
already taking prostaglandin medications or those newly pre-
scribed this class of drug, and patients were instructed in using the
DA to administer the drops. The DA both squeezes the drop from
the bottle and records the time and date of delivery on an internal,
battery-operated chip. We previously reported on the acceptable
accuracy of this device for monitoring drop-taking.15 Patients were
aware that the devices recorded their drop-taking.

In phase 2, participants with 75% or fewer administered doses
were randomized to either intervention or usual care. The data used
for this determination included values obtained during the 8 weeks
starting 2 weeks after enrollment and ending 2 weeks before the
follow-up visit. Only these data were used because we detected
that there was significantly greater adherence just after a visit and
just before a visit.14 A dose was considered taken if the lever of the
DA was depressed and recorded �4 hours from that patient’s
median dosing hour (as determined from the DA data). Because we
recognized from our previous study15 that the device has the
potential to make extra recordings when the lever is depressed
erroneously, we did not count more than 1 dose taken per eye per
day in our adherence rate calculation. When the lever was de-
pressed outside the time window it was assumed that a dose was
not taken, and when the lever was depressed multiple times in the
time window only a single dose for 1 or both eyes was assumed to

have been delivered.
The intervention consisted of (1) a 10-minute educational video
created through Alcon, Inc. (Fort Worth, TX), marketing branch
for the DA device, which stressed the importance of regular
drop-taking, its rationale and expected effects, alternatives to eye-
drops, and methods to maximize cooperation, such as linking
drops to a daily activity, keeping a drop-taking calendar diary, and
using family members to help in reminding them; (2) a structured
discussion with the study coordinator to develop a strategy for
improving adherence that included finding the best time of day to
take the medication, distributing a blank calendar diary and going
over details of how to keep it, and discussing individual patient
barriers to taking the medication; (3) reminder telephone calls
from the coordinator, including administration of a questionnaire
about drop-taking behavior, difficulty with drops, side effects, and
eliciting questions about therapy (this call was made once per
week for the first follow-up month and then every other week for
the next 2 months); and (4) activation of the audible and visible
alarms on the DA. Those in the usual care arm (“controls”) were
told that it is important to take their eyedrops as prescribed but had
no other intervention. Participants were randomized using random
numbers placed in serially marked, sealed envelopes that were
opened at the time of randomization. To perform the randomiza-
tion procedure, a string of random numbers was selected from a
random numbers table. The numbers were placed into envelopes
and then sealed and initialed across the seal. The envelopes were
numbered consecutively starting with 1. When an eligible patient
was identified, an envelope was opened; if the envelope contained
an even number then the participant received the intervention.

The target sample size was calculated assuming a mean adher-
ence rate at 75% before intervention. To have 80% power to
identify the intervention compliance rate improvement of 20%
with a type 1 error of 5%, the target sample size was 49 persons per
arm to complete the 3 months of the intervention.

Eligibility Criteria (Both Phases)
Patients had one of the following diagnoses: open-angle glau-
coma, angle-closure glaucoma, glaucoma suspect, or ocular
hypertension. Patients were 18 years of age or older, using or
prescribed a topical prostaglandin analog, and able to return for
3 and 6-month follow-up visits. Some participants had undergone
past laser or surgical glaucoma therapy, but not within the 3
months before study enrollment. Patients were excluded if they
were unable to understand the study, they did not instill their own
drops, or they were incapable of using the DA after a brief
demonstration.

Patient Recruitment and Follow-Up
Consenting patients were given sufficient travoprost for the study
free of charge and were instructed in using the DA by a study
coordinator using an instructional video. All patients were in-
structed on how to place a bottle of travoprost in the DA and how
to depress the lever arm to deliver a drop. Patients practiced using
the DAs under supervision before starting the study. Each patient
received 1 DA device and was instructed to administer the drops in
either 1 or both eyes, depending on his or her ocular diagnosis.
Patients were enrolled on days when the study coordinator was
available in the clinic.

Patients who were receiving latanoprost or bimatoprost before
the study were switched to travoprost. Baseline demographic and
medical information were obtained, including age, sex, self-
reported ethnicity, home address zip code (to estimate income),
presence of comorbid diseases, ocular medications and dosage,
systemic medications and dosage, family history of glaucoma,

baseline untreated IOP of each eye (if available), length of past
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glaucoma treatment and types of past ocular medication, including
allergies and severe adverse events, and current target IOP of each
eye. In addition, data of medications for each eye for the preceding
2 years, the most recent visual fields, and the most recent evalu-
ation of the optic disc by clinical assessment, laser imaging, or
photography were also recorded.

Phase 1 patients were instructed to use the devices to deliver
their travoprost each night until the 3-month follow-up visit. Pa-
tients brought their DA devices to the 3-month visit, the informa-
tion was downloaded onto computer-based software, the battery
was changed, and a questionnaire was administered to evaluate
self-reported adherence and satisfaction with the devices. At the
3-month visit, eligible patients for phase 2 were randomized as
outlined previously. Also, visual acuity and applanation IOP were
measured.

At the 6-month visit, the data from the devices were down-
loaded, and the intervention and control groups answered a ques-
tionnaire about adherence to therapy, side effects, and any change
in satisfaction with the devices. Visual acuity and IOP were
recorded at the 6-month visit.

Statistical Analysis

Baseline characteristics were compared between the intervention
group and the control group. Comparisons for patient-level char-
acteristics were made by Fisher exact test for the comparison of
proportions and by the Student t test for the comparison of means.
The identification of factors for improved adherence was per-
formed using univariate linear regression models of adherence rate
as a continuous variable. The factors associated with P�0.10
(treatment group, length of time on glaucoma medication, bilateral
use of medication, and institute) or factors of clinical importance
(age, race, education, baseline compliance rate, use of travoprost
without using the device) were included in the multivariate mod-
els. Institute was initially considered but was eventually excluded
from the final multivariate model because of its colinearity with
the race and education, and the complex interpretation of the
resulting results. Patients with missing data in 1 specific variable
were excluded from the analysis of this specific variable but were
still included in the analysis of other variables without missing
data. Statistical analysis was performed by using SAS v9.1 (SAS
Inc., Cary, NC).

Results

Study recruitment for the phase 2 randomized trial began in
November of 2006 and ended in June of 2007. Of the 66 patients
who were adherent less than 75% of the time, 35 (53%) were
randomized to the intervention group and 31 (47%) were random-
ized to the control group. The intervention and control groups were
similar in mean age, race, sex, education level, and income based
on zip code (P�0.05 for all; Table 1). The 2 groups also had
generally similar ocular characteristics, although the controls were
significantly more likely to have used glaucoma drops for 1 year or
less (P�0.01; Table 2).

Adherence to Therapy

The baseline mean adherence in the intervention group was
higher than in the control group (54% vs. 46%), but this was not
statistically significant (P � 0.10).The mean (� standard devi-
ation) adherence rate for the intervention group improved to
73�22% after intervention in phase 2 (P�0.01; Table 3). By

contrast, the control group had no significant change, with
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51�30% in phase 2 (P � 0.19; Table 3). The mean adherence
rate improvement was 19�20% in the intervention group and
6�23% in the control group (P � 0.01 for the difference
between the 2 groups; Fig 1). The mean adherence was higher
for every week of follow-up in the intervention group compared
with the controls (P�0.01; Fig 2).

The distribution of change in adherence for all 66 patients
ranged from an absolute decrease in compliance of 52% to an
increase of 68% (Fig 1). In the intervention group, the adherence
rate improved by at least 10% in 66% of patients (n � 23/35), a
significantly higher proportion than the 45% (n � 14/31) in the

Table 1. Baseline Demographic Characteristics of Intervention
and Control Groups

Baseline Characteristics

Intervention
(N � 35)

n (%)

Control
(N � 31)

n (%) P Value

Age (yrs) 0.45*
�50 3 (8.57) 4 (12.9)
50–59 5 (14.3) 7 (22.6)
60–69 13 (37.1) 8 (25.8)
70–79 8 (22.9) 10 (32.3)
�80 6 (17.1) 2 (6.45)
Mean�SD 66.2�13.1 63.8�13.4 0.70†

Gender 0.59*
Female 17 (48.6) 13 (41.9)
Male 18 (51.4) 18 (58.1)

Race 0.43*
Black 23 (65.7) 17 (54.8)
White 12 (34.3) 13 (41.9)
Asian 0 (0.00) 1 (3.23)

Education 0.06*
�High school 4 (11.4) 5 (16.7)
High school 6 (17.1) 10 (33.3)
College 18 (51.4) 6 (20.0)
Graduate School 6 (17.1) 9 (30.0)
Unknown 1 (2.86) 1 (3.13)

General Health 0.91*
Excellent 7 (20.0) 5 (16.1)
Good 22 (62.9) 20 (64.5)
Fair/poor 6 (17.1) 6 (19.4)

Depression score 0.70*
�0.1 11 (31.4) 11 (35.5)
(0.1–0.3) 7 (20.0) 9 (29.0)
(0.3–0.7) 9 (25.7) 5 (16.1)
(0.7–2.5) 8 (22.9) 6 (19.4)
Mean�SD 0.47�0.46 0.42�0.54 0.65†

Family Income Based on Zip Code 0.06*
�35 K 12 (34.3) 8 (25.8)
(35–50 K) 8 (22.9) 5 (16.1)
(50–75 K) 4 (11.4) 12 (38.7)
�75 K 11 (31.4) 5 (16.1)
Unknown 1(3.23)

Glaucoma Family History 0.11*
None 16 (45.7) 18 (58.1)
1 17 (48.6) 8 (25.8)
�2 2 (5.71) 5 (16.1)

K � thousand dollars; SD � standard deviation.
NOTE: Unknowns are excluded from the calculation of P value.
*Fisher exact test for the comparison of proportions between intervention
and nonadherent control groups.
†t test for the comparison of means between intervention and nonadherent
control groups.
control group (P � 0.05).
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Factors Associated with Improved Adherence

In a univariate analysis, factors associated with an improved ad-
herence rate included intervention group (P � 0.01), bilateral use
of medicine (P � 0.04), and institution (P � 0.03) (Table 4).
Patients’ attitudes and knowledge of glaucoma and their self-
reported use of topical ocular hypotensive agents were not asso-
ciated with improved adherence in univariate analysis (data not
shown). In multivariate analysis that included the treatment, length
of time on glaucoma medication, bilateral use of medication, age,
race, education, baseline compliance rate, and use of travoprost
without using the devise as predictors, with adherence rate change
as a continuous variable, the factors that were significantly asso-
ciated with improved adherence were intervention (P�0.01), a low
baseline adherence rate (�50%, P�0.01), and white race (P �
0.02; Table 5). African-Americans were less likely to have any
improvement in adherence rate (60%) compared with whites (88%,
P � 0.02).

Intraocular Pressure and Adherence Patterns

The mean IOP did not change significantly from baseline to the
end of phase 1 at 3 months, nor was it significantly different

Table 2. Baseline Ocular Characteristics of Intervention and
Control Groups

Ocular Characteristics

Intervention
(N � 35)

n (%)

Control
(N � 31)

n (%)
P

Value*

Cup Disk ratio of Worse Eye 0.11
�0.7 7 (20.0) 13 (41.9)
(0.7–0.8) 11 (31.4) 9 (26.0)
(0.8–0.9) 11 (31.4) 7 (20.0)
�0.9 6 (17.1) 1 (3.23)
Unknown 1 (3.23)

Mean Deviation of Worse Eye 0.27
�5 db 14 (40.0) 14 (45.2)
(5–15) db 5 (14.3) 8 (25.8)
�15 db 15 (42.9) 8 (25.8)
Unknown 1 (2.86) 1 (3.23)

IOP of Worse Eye 0.14
�15 mmHg 10 (28.6) 11 (35.5)
(15–17) mmHg 10 (28.6) 2 (6.45)
(17–20) mmHg 5 (14.3) 7 (22.6)
�20 mmHg 10 (28.6) 11 (35.5)

Length of Time on Glaucoma
Medication

0.01

�1 yr 2 (5.71) 9 (29.0)
�1 yr 33 (94.3) 22 (71.0)

Use of medicine 0.76
Unilateral 9 (25.7) 9 (29.0)
Bilateral 26 (74.3) 22 (71.0)

Use of Other Glaucoma Medications 0.11
Only taking travoprost 14 (40.0) 15 (48.4)
Taking a second agent 12 (34.3) 14 (45.2)
Taking �3 agents 9 (25.7) 2 (6.45)

Institute 0.39
JHU 28 (80.0) 22 (71.0)
PENN 7 (20.0) 9 (29.0)

db � decibels; IOP � intraocular pressure; JHU � Wilmer Eye Institute;
PENN � Scheie Eye Institute.
NOTE: Unknowns are excluded from the calculation of P value.
*Fisher exact test for the comparison of proportions between intervention

and nonadherent control groups.
between months 3 and 6 after intervention, whether all patients
were considered together or split into study groups (P � 0.81).
Likewise, there was no correlation between IOP change from
phase 1 to phase 2 and the adherence rate change for all study eyes
taken together (n � 114 eyes, Pearson correlation r � 0.06, P �
0.51).

Intervention Assessment

For the 35 patients randomized to the intervention group, tele-
phone calls were made at weeks 1 to 5, 7, 9, and 11. The number
of patients contacted was highest at week 1 (100%), and over the
remaining weeks there was a decline in the number successfully
contacted (week 11, 63%). Reasons for the decline included early
dropout from study, inability to contact patients, and early final
visit. During weeks 6, 8, 10, and 12, the intervention patients were

Table 3. Adherence Rate by Randomization Group of
Intervention at 3 and 6 Months (N � 66)

Intervention
(n � 35)

Control
(n � 31)

P
Value†

3 Mos before
Intervention

Mean (SD) 0.54 (0.17) 0.46 (0.23) 0.10
Median (Min-

Max)
0.60 (0.06–0.74) 0.53 (0.03–0.75)

3 Mos after
Intervention

Mean (SD) 0.73 (0.22) 0.51 (0.30) 0.001
Median (Min-

Max)
0.82 (0.13–0.97) 0.52 (0.04–0.95)

Change between 3
and 6 Mos

Mean (SD) 0.19 (0.20) 0.06 (0.23) 0.01
Median (Min-

Max)
0.21 (�0.12 to 0.68) 0.09 (�0.52 to 0.56)

P value* �0.0001 0.19

SD � standard deviation.
*For the test on whether the change in compliance rate is different from
0, using paired t test.
†From 2-group t test for the comparison of means between intervention
and nonadherent control groups.

Figure 1. Scatterplot demonstrating distribution of change of adherence
rate from 3 months in the nonadherent control group and intervention
group. Circles indicate adherence rate change for each individual patient;

lines indicate the median change of adherence rate in each group.
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not called, and this did not seem to adversely affect the adherence
rate for the group.

Discussion

We found that a multifaceted program for enhancing glau-
coma eyedrop use improved the adherence rate from 54% to
73% (P�0.001) in persons whose baseline drop-taking was
less than 75%. The intervention was administered com-
pletely by study staff and did not include physician input
with the patient. The intervention was designed to maximize
the chance that the adherence with medication use would
improve. Our findings suggest that using several approaches
at once likely increased the probability that the interventions
changed eyedrop use. Although the strategy used in this trial
clearly was effective, we cannot determine which aspects of
the intervention were most valuable and which individual
elements can pragmatically be implemented in clinical prac-
tice. We did not record the actual time required for the video
and structured interview or determine costs for implemen-
tation of the intervention. However, our demonstration that
adherence can be improved should stimulate further re-
search into the individual components of our intervention.

Although better adherence should produce lower IOP in
general, improvement in adherence was not matched by
lower IOP levels as measured in the clinic. This was not
surprising, because we had only 3 IOP measurements, 1 at
each study visit, compared with daily values for adherence.
In addition, our phase 1 data14 showed that poorly adherent
patients increase drop-taking during the 2 weeks before the

Figure 2. Line graph demonstrating comparison of adherence rate by
group at 0 to 3 months (phase 1 before intervention) and 3 to 6 months
(phase 2 after the intervention). From bottom to top: Gray thin line with
triangles indicates the mean adherence rate for the nonadherent control
group over 12 weeks during phase 1 from 0 to 3 months. Gray heavy line
with squares indicates the mean adherence rate for the nonadherent
control group over 12 weeks during phase 2 from 3 to 6 months. Black thin
line with triangles indicates the mean adherence rate for the intervention
group over 12 weeks during phase 1 from 0 to 3 months. Black heavy line
with squares indicates the mean adherence rate for the intervention group
over 12 weeks during phase 2 from 3 to 6 months.
office visit. Thus, IOP taken during the office visit was an
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inadequate surrogate for estimating adherence. These find-
ings are not unique to ophthalmology. Studies of interven-
tions in patients with hypertension and asthma also have
found improved adherence, but not necessarily improved
clinical measurements at the time of office visits.10,11

We found previously that physicians have used the IOP
level as an important measure of poor adherence.9 A patient
who is failing to achieve the IOP target needs either a
change in medication or an improvement in adherence. But
the current findings clearly showed that many nonadherent
patients had satisfactory IOP at routine visits. Thus, better
tools are needed to distinguish poor adherence from poor
efficacy in patients not at target to avoid overmedication (or
over-prescription with continued poor adherence to multiple
drugs).

It is likely that educational efforts to improve patient
drop-taking played an important role in improving patient
adherence in the intervention arm. These included instruc-
tion on proper administration of eye drops, correct dosing
schedules, minimization of waste of medication, and a clear
discussion that vision can be lost if the medications are not
used properly. Further research on the most effective meth-
ods to communicate with patients, through better physician
communication, educational programs administered by of-
fice staff, video presentations, or combinations of these, is
needed.

We showed that the effect of education and reminder
systems could be sustained for at least 3 months. Norell12

found a significant decrease in adherence with pilocarpine
drops over the interval between visits when the education
effort occurred only in the office. Use of a device alarm in
the study by Laster et al13 showed a more continuous effect
over the interval in between office visits.13 With the avail-
ability of cell phones and Internet communication, there are
several potential avenues that deserve exploration to im-
prove adherence using continuous reminder systems.16–18

Past studies have shown that the cost of medication and
access to care are significant barriers to adherence.19,20 Our
study eliminated both of these obstacles by providing free
medication and ensuring minimal loss to follow-up among
persons already able to access care. The authors speculate
that adherence would be even lower among patients for
whom these barriers remain in place.

Among our patients, there were 3 factors associated with
greater improvement in adherence in univariate analysis:
intervention, bilateral use of medicine, and attendance at the
Wilmer Eye Institute Glaucoma service. Among these 3
factors, the multivariate analysis showed that only the in-
tervention remained significantly associated with improved
adherence, whereas institution and bilateral use of medicine
were no longer significant and ethnicity and extremely low
baseline adherence became significant. There may be sub-
stantial correlation among these variables. For example,
nearly all our patients from the Scheie Eye Institute were
African-derived, whereas the majority of patients from the
Wilmer Eye Institute were white. Patients from the Wilmer
Eye Institute had taken drops longer than those at the Scheie
Eye Institute. Other factors that may play a role in associ-
ations between ethnicity and adherence, including patient–

physician interaction,21 perceived personal dissimilarity of



Okeke et al � Interventions Improve Adherence in Glaucoma
the patient with the doctor,22 and experiences with discrim-
ination,23 may also contribute to a patient’s decreased intent
to adhere. Further research is needed to understand more
clearly what factors led African-American patients to have
both lower baseline adherence14 and lower improvement in
adherence with intervention. It is possible that interventions
for adherence must be tailored to the beliefs and situation of
major ethnic groups.

A baseline adherence rate �50% was associated with
improved adherence. It is possible that this finding is in part
due to regression to the mean. However, we previously
found an association between less knowledge about glau-
coma treatment and low adherence (Friedman DS. Risk
factors for poor adherence with eyedrops in electronically
monitored glaucoma patients. Poster presented at American
Glaucoma Society, March 2008, Washington, DC). This has
been demonstrated in Korean hypertensive patients whose
adherence was higher in those more informed about the
disease.24 It is logical that our educational efforts about the
disease in the intervention eliminated some of the lack of
adherence because of this factor.

Our study had some limitations. Although we used a
standard randomization process, the intervention group had
somewhat more veteran eyedrop takers. This may have
increased the magnitude of the intervention effect, because
our univariate analysis showed lower adherence among
less-experienced eyedrop takers. The adherence rate of the
controls increased slightly, which was most likely due to
regression to the mean. This effect was small in comparison
with the treatment effect in the intervention group, but if we
assume the intervention group would have had a similar
increase, the treatment effect is likely smaller than mea-
sured. We informed patients that they were being monitored
and provided drugs at no cost. It is likely that the adherence
of patients who are not in a study under these conditions
would be lower at baseline and perhaps might exhibit a

Table 4. (Continued.)

Factors N

Adherence Rate
Change from 3
Mos Mean (SE)

P
Value*

Taking a second agent 26 0.18 (0.04)
Taking �3 agents 11 0.13 (0.07)

Institute 0.03
JHU 50 0.16 (0.03)
PENN 16 0.02 (0.05)

Compliance Rate at 3 Mos 0.27
�0.50 28 0.16 (0.04)
0.501–0.75 38 0.10 (0.04)

Treatment Group 0.01
Control 31 0.06 (0.04)
Intervention 35 0.19 (0.04)

db � decibels; IOP � intraocular pressure; JHU � Wilmer Eye Institute;
K � thousand dollars; PENN � Scheie Eye Institute; SD � standard
deviation; SE � standard error.
*From 1-way analysis of variance.
Table 4. Univariate Analysis of Factors Associated with
Change of Adherence Rate between 3 and 6 Months for

Intervention and Control Groups (N � 66)

Factors N

Adherence Rate
Change from 3
Mos Mean (SE)

P
Value*

Age (yrs) 0.46
�50 7 0.15 (0.08)
50–59 12 0.08 (0.06)
60–69 21 0.19 (0.05)
70–79 18 0.11 (0.05)
�80 8 0.05 (0.08)

Sex 0.61
Female 30 0.14 (0.04)
Male 36 0.12 (0.04)

Race 0.32
Black 40 0.10 (0.03)
White 25 0.18 (0.04)
Asian 1 0.18 (0.22)

Education 0.67
�High school 9 0.09 (0.07)
High school 16 0.16 (0.06)
College 24 0.11 (0.05)
Graduate school 15 0.18 (0.06)

General Health 0.99
Excellent 12 0.13 (0.06)
Good 42 0.13 (0.03)
Fair/poor 12 0.13 (0.06)

Depression Score 0.10
�0.1 22 0.13 (0.05)
(0.1–0.3) 16 0.02 (0.05)
(0.3–0.7) 14 0.18 (0.06)
(0.7–2.5) 14 0.20 (0.06)

Family Income Based on Zip Code 0.11
�35 K 20 0.07 (0.05)
(35–50) K 13 0.16 (0.06)
(50–75) K 16 0.07 (0.05)
�75K 16 0.23 (0.05)

Glaucoma Family History 0.68
None 34 0.13 (0.04)
1 25 0.15 (0.04)
�2 7 0.06 (0.08)

Cup Disk Ratio of Worse Eye 0.42
�0.7 20 0.06 (0.05)
(0.7–0.8) 20 0.18 (0.05)
(0.8–0.9) 18 0.13 (0.05)
�0.9 7 0.14 (0.08)

Mean Deviation of Worse Eye 0.25
�5 db 28 0.12 (0.04)
(5–15) db 13 0.22 (0.06)
�15 db 23 0.09 (0.05)

IOP of Worse Eye 0.32
�15 mmHg 21 0.17 (0.05)
(15–17) mmHg 12 0.18 (0.06)
(17–20) mmHg 12 0.04 (0.06)
�20 mmHg 21 0.11 (0.05)

Length of Time on Glaucoma
Medication

0.08

�1 yr 11 0.02 (0.07)
�1 yr 55 0.15 (0.03)

Use of Medicine 0.04
Unilateral 18 0.04 (0.05)
Bilateral 48 0.16 (0.03)

Use of other Glaucoma Medications 0.20
Only taking travoprost 29 0.08 (0.04)

(Continued)
different intervention effect.
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We used an electronic device to measure adherence as
the primary outcome variable. Electronic monitoring of
drug-taking behavior is the most accurate method for iden-
tifying nonadherence.14,25,26 Research with the DA has lim-
itations, however, as shown by patients in this study who
took their drops without placing the bottle in the devices,
which in fact decreased the measured adherence rate in the
intervention group, but not significantly. When excluding
those who took drops without the DA, the measured adher-
ence improved slightly in the control group, but still the
difference in magnitude of improved adherence between the
intervention group and the control group remained large. In
addition, the findings were limited to the use of 1 prosta-
glandin analogue, because only its bottle fits in the device.

In conclusion, adherence with glaucoma drop use im-

Table 5. Multivariate Analysis for Factors Associated with
Change of Adherence Rate between 3 and 6 Months for

Randomized Intervention and Control Groups (N � 62*)

Factors N

Adherence Rate
Change from 3
Mos Adjusted

Mean (SE)
P

Value†

Treatment Group 0.0001
Control 28 �0.002 (0.04)
Intervention 34 0.21 (0.05)

Adherence Rate at 3 Mos 0.003
�0.50 26 0.18 (0.04)
0.501–0.75 36 0.03 (0.05)

Race 0.02
Black 37 0.04 (0.04)
White 25 0.17 (0.05)

Education 0.051
�High school 8 0.09 (0.07)
High school 16 0.18 (0.05)
College 24 0.01 (0.05)
Graduate school 14 0.14 (0.06)

I Have Used Travoprost Without Using
the Device during the Study

0.12

Never 43 0.14 (0.04)
Ever 19 0.06 (0.05)

Use of Medicine 0.16
Unilateral 17 0.04 (0.05)
Bilateral 45 0.16 (0.03)

Age (yrs) 0.65
�50 7 0.11 (0.08)
50–59 11 0.07 (0.06)
60–69 21 0.16 (0.05)
70–79 16 0.13 (0.05)
�80 7 0.05 (0.07)

Length of Time on Glaucoma
Medication

0.67

�1 yr 9 0.09 (0.07)
�1 yr 53 0.12 (0.03)

SE � standard error.
NOTE: All the independent variables included in the multivariate model
are listed above.
*Three patients were excluded from the multivariate analysis because of
missing value in education status (n � 2) and use of travoprost without
using the device during the study (n � 1). Asians were also excluded
because of small number (n � 1).
†From 1-way analysis of variance.
proved over a 3-month period with an intervention strategy
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consisting of education and reminder systems. In addition,
improvement was immediate and sustained over 3 months.
There was greater improvement in adherence among white
patients and those with the lowest baseline adherence. IOP
was a poor surrogate for monitoring adherence, probably
because of increased adherence just before the visit. Further
research is needed to determine which components of this
intervention were most effective.
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