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Abstract

Adherence to prescribed glaucoma medications is often poor, and proper adherence can be
challenging for patients. We systematically reviewed the literature and identified eight studies
using educational interventions to improve glaucoma medication adherence. Overall, five of the
eight studies found that educational interventions lead to a significant improvement in medication
adherence, and the remaining studies found a trend towards improvement. Using information from
this systematic review and Health Behavior Theory, we constructed a conceptual framework to
illustrate how counseling and education can improve glaucoma medication adherence. More
rigorous studies grounded in Health Behavior Theory with adequately powered samples and
longer follow-up are needed.
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[. Introduction

A. Difficulties with adherence to glaucoma medications

Glaucoma medications have been shown to slow or halt the progression to blindness, 13 but
their real-world effectiveness is often curtailed by poor adherence. Poor adherence has been
shown to be correlated with disease progression.-6 Studies have demonstrated that at least
30% of glaucoma patients do not adhere to their medication regimen as measured by the
gold standard of electronic medication monitoring,’+® and rates of poor adherence have been
reported to be as high as 80%.” This high rate of poor adherence among glaucoma patients is
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not unusual compared to rates among patients with other chronic, asymptomatic diseases
such as dyslipidemia® and hypertension.10 Several qualitative studies have revealed that
poor adherence rates are associated with inadequate education about glaucoma.11-13 Since
limited patient knowledge about glaucoma can be modified, there have been a number of
educational interventions conducted aiming to improve glaucoma medication
adherence.14-21 The purpose of this systematic review is to describe published educational
interventions in the peer-reviewed literature designed to improve glaucoma medication
adherence and examine the success of these different approaches. A conceptual model will
be presented describing how each of these interventions can operate within a part of a
modified Health Belief Model?? to affect behavior change.

B. Models of Health Behavior Change

The National Institute of Health recommends basing new educational interventions in Health
Behavior Theory. There are a number of theoretical models of health behavior change
within Health Behavior Theory that have been tested and found to be useful in improving
health behaviors and adherence to prescribed regimen for a wide variety of medical
conditions. 22 A few prominent models in treatment adherence include the Health Belief
Model, the Theory of Planned Behavior/Reasoned Action, and the Theory of Self-
Efficacy.23 The Health Belief Model24 was developed in the 1950s by the United States
Public Health Service to explain why individuals did not participate in screening tests for
asymptomatic diseases. It postulates that individual health behavior change is influenced by
an individual’s perceived susceptibility to the disease of interest, perceived severity of the
disease, perceived benefits to screening or treatment, perceived barriersto action, or “cues
to action” (or any stimuli that could trigger the desired behavior). For example, a patient’s
willingness to take eye drops for glaucoma twice a day will be influenced by whether or not
the patient thinks he/she could go blind or lose vision from glaucoma and whether or not the
drops will mitigate that risk. Actualizing the desire to take the drops twice a day would
depend both on overcoming barriers to treatment, such as medication cost, and remembering
to take the medication. The Theory of Planned Behavior added a cultural component to the
Health Belief Model by proposing that a person’s willingness to change a health behavior
depends on his own attitude towards the behavior as well as what he perceives the social
norm to be regarding the new behavior. For example, if the newly diagnosed glaucoma
patient’s mother also has glaucoma and has been faithfully seeing the ophthalmologist and
using eye drops for years, the patient is more likely to adhere to treatment. The Theory of
Reasoned Action further builds on this by adding that a person’s attitude towards a behavior
is comprised of his intention to perform the behavior and his ability to perform it. A central
belief in Bandura’s Social Cognitive Theory is that of self-efficacy, which is an individual’s
belief about how likely he/she is to be able to carry out a specific behavior and obtain a
specific desired outcome. This idea of self-efficacy was added to the Health Belief Model in
1980s as an additional predictor of health behavior.2> Using the earlier example, even if our
patient’s mother maintained excellent adherence to treatment herself, if our patient does not
feel both empowered and physically able to use drops twice a day, the patient will not
adhere to the regimen.
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The Health Belief Model applies well to a condition like open-angle glaucoma because
glaucoma is mostly an asymptomatic, chronic disease. The patient would not otherwise be
stimulated by symptoms to seek care until generally late in the course of disease and will
need to continue with medical treatment for a lifetime as well as tolerate any side effects
from the medications, seemingly without much overt benefit. Existing medications prevent
vision loss but do not improve vision. Therefore, patients’ perceptions of how likely they are
to develop vision loss from glaucoma, what impact it may have on their future functioning,
and how strongly they believe that taking the medications will prevent vision loss, will
greatly impact their willingness to use glaucoma medications and to tolerate a potentially
complex, uncomfortable and costly medication regimen. Some of the educational
interventions that have been designed to improve glaucoma medication adherence are
identified in this review and address components of the Health Belief Model, while many
other components of the model have not been addressed by the majority of the interventions
(Figure 1). The specific ways in which each intervention uses components of health
behavior change theory are addressed in this review.

C. Quantifying Medication Adherence

1. Characteristics of Adherence—The terms “adherence,” “compliance,” and
“persistence” are often used interchangeably to describe how well a patient takes
medications, but each term has its own specific nuances and technical considerations.
“Adherence” is often used as a more patient-centered way to express how a patient is
actively engaged in using the medications as prescribed, whereas “compliance” has often
been used as a physician-centered approach. A non-compliant patient is described as a
patient who is not following the doctor’s orders. Kulkarni and colleagues reviewed the
literature and offered the following definition of compliance: “the extent to which the patient
acts in accordance with the prescribed interval and dose of a dosing regimen.”26 They
further noted that “‘compliance’ has more to do with the accuracy with which a patient
follows the treatment plan as opposed to the extent to which he/she continues the treatment,
which is what ‘adherence’ stands for.” Therefore, adherence is a quantifiable measure of
how often a patient follows prescription instructions, and it accounts for gaps in use. For
example, a patient who is prescribed brimonidine twice daily in both eyes for 28 days (112
drops/28 days) and uses it once daily in both eyes for the first week (14 drops/7 days), then
uses it twice daily in both eyes for two weeks (56 drops/14 days), and then stops using it for
the last week (0 drops/7 days) would be 62.5% adherent (70 drops/28 days divided by 112
drops/28 days). Persistence is the duration of continuous use of a prescribed medication. In
the United Sates, persistence with a newly-prescribed glaucoma medication has been shown
to range from 20%-64%,2” meaning that on average, patients took their medication for
about 5 months continuously prior to stopping their medication or using it intermittently for
a total of 5 months usage over a year.

2. Methods to Measure Adherence—There are several ways to monitor adherence and
persistence with glaucoma medications, and each has unique benefits and limitations.28
Some studies have quantified adherence using self-reported measures. Kass and colleagues
compared patient self-reported glaucoma medication adherence with an electronic eye drop
monitor and found that patients reported they were 97% adherent with their medications
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while the monitor revealed only a 76% rate of adherence.2? Thus, self-reported adherence
will likely overestimate true adherence. Since then, several studies have used Medication
Events Monitoring Systems (MEMS) devices for studying adherence.®:39:31 The MEMS cap
is an electronic device that fits over a bottle of eye drops and records each time a drop is
dispensed, although it cannot tell if the drop was instilled into the patient’s eye or wasted on
the cheek. Furthermore, the MEMS cap is subject to observation bias as subjects often
improve their adherence when they are aware that their behavior is being recorded.28
Despite the known limitations of using MEMS to quantify adherence, this measure is often
viewed as the gold standard relative to other measures.

Another way to measure adherence and persistence is by analyzing health care claims data.
Pharmacy refill data can be used to calculate the Medication Possession Ratio (MPR), which
is defined as the number of days during a set time period when a patient had an adequate
supply of medication to use at the prescribed frequency. Using Medicaid claims data,
Gurwitz and colleagues calculated a 69% MPR for seniors prescribed a single glaucoma
medication, meaning that these seniors possessed enough medication to take their glaucoma
drops as prescribed 8.4 months out of the year.32 Pharmacy data can also be used to
calculate persistence or the amount of time before a patient has a gap in recommended
treatment, with Days Without Medication (DWM) quantifying this gap.28 There are several
limitations for using pharmacy data to measure adherence, including the uncertainty whether
a medication was prescribed to be used in one eye or both eyes. The assumption is often
made that the medication was prescribed for both eyes, but that would underestimate the
MPR if the medication was prescribed for monocular use. Another major limitation is that
MPR cannot account for free samples given to patients, and this may be another source of
underestimating adherence. Table 1 describes the strengths and weaknesses of each type of
metric designed to measure adherence based on the qualities established by Muir and Lee?8,
including the description of outcome measurements used in the studies included in this
review.

In published reviews of the ophthalmic literature on glaucoma medication adherence,
authors have called for trials of educational interventions aimed at improving adherence.”- 27
This review focuses on published trials that tested educational interventions’ effect on
glaucoma medication adherence. Specifically, we will evaluate the interventions based on
quality, efficacy, and the extent to which they are grounded in evidence-based Health
Behavior Theory.

[l. Materials and Methods

We used Pubmed, CINAHL, and Embase to systematically search the published literature33
available on November 9, 2011 using the following terms and medical subject headings
(MeSH): “glaucoma,” and “education,” and “compliance,” or “adherence.” We used no
language restrictions. We generated searches to account for synonyms of these keywords
and MESH headings as follows: 1. “glaucoma” AND (“patient education as topic,” OR
“health education,” OR “consumer health,” OR “patient education,” or “motivational
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interviewing,” or “instruction™), 2. “glaucoma” AND (“patient acceptance of healthcare,”
OR “patient compliance,” OR “treatment refusal,” OR “self-efficacy,” OR “self-care,” OR
“compliance,” OR *“adherence,” OR “persistence,” OR “self-management.”)

The searches generated 361 unique references. Abstracts from meetings were not included in
the search as they generally do not contain sufficient information to adequately evaluate the
intervention. Two independent researchers (PANC, JSW) evaluated the titles and abstracts
of the articles to determine their eligibility for inclusion criteria. The trials had to include an
educational intervention for patients taking glaucoma medications and glaucoma medication
adherence as an outcome measure. We excluded any interventions targeted towards children
or juvenile glaucoma. We included interventions that were not randomized controlled trials
due to the limited number of interventions which met the inclusion criteria.

Two researchers (PANC, JSW) identified 44 published studies that were thought to meet the
inclusion criteria. After reviewing and discussing the articles, the two researchers agreed
that only 8 of the 44 articles met the inclusion criteria. There was disagreement about
whether an additional three articles met the inclusion criteria;therefore, decision about those
articles was adjudicated by an independent researcher (JDS). Ultimately eight articles were
included in the analysis. A hand-search of the references of each of the eight articles did not
reveal any additional relevant articles33. The data was abstracted from the articles by one
researcher (PANC) and independently verified by a second researcher (JSW).

[ll. Results

A. Randomized Controlled Trials

Four of the eight studies which met the inclusion criteria were randomized controlled trials
(RCTs), and the other four were observational studies. A Jadad score was calculated to
evaluate the quality of each study. The Jadad score34 is a five-point scale that awards one
point for each of the following:

»  Was the study randomized?
e Was the method of randomization appropriate?

e Was the study described as double-blind (the provider and the patient were both
blinded to the intervention)?

e Was the method of double-blinding appropriate?
e Was there a description of withdrawals and dropouts?

The Jadad score has been widely used in the meta-analysis literature to judge the quality of
RCTs, and we wanted to use a score that would be standardized across the literature.
However, since double-blinding is not possible in these types of behavioral interventions,
we assigned one point if the study was described as single-blinded and a second point if the
assessors of the study outcomes were blinded specifically to whether or not the participant
received the intervention. If adherence was measured by pharmacy claims data (as opposed
to MEMS or self-report) and the outcome was out of the control of the assessor, the study
was awarded two points.
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1. RCT #1: Glaucoma education, addressing barriers to adherence, reminder
systems vs. standard carel®—Okeke and colleagues!® (2009) conducted a RCT in
which they randomized patients who had a baseline level of medication adherence < 75% to
either a behavioral intervention or usual care. In the 3-month period before initiating the
intervention, they measured medication adherence with MEMS to identify poorly-adherent
patients (Table 1). The trial included 66 glaucoma patients and took place at US academic
medical centers (Table 2). The intervention consisted of a ten-minute educational video on
the importance of taking glaucoma medication consistently, and a structured individual
discussion with a study coordinator was conducted to discuss any barriers that the patients
had taking their medication and strategies to link eye drops administration to other daily
activities. The study coordinator also distributed a blank calendar and taught patients how to
keep a medication log. The training system for the study coordinator was not recorded.
Patients received reminder phone calls to take their medications once a week for one month
and then once every 2 weeks for two months. The particular MEMS device used in this trial,
the Travatan Dosing Aid, was used to measure adherence and to serve as an alarm to remind
patients to take their medication. A significant improvement over baseline medication
adherence was found in the intervention group (54% to 73%) compared to the usual care
group (46% to 51%) at 6 months (P<0.001). The Jadad Score for this trial was 2/5 as there
was no description of those not completing follow-up or how the assessors of the outcome
were masked to the treatment arm.

2. RCT #2: Nurse-led glaucoma education vs. standard care?!—Sheppard and
colleagues?! (2003) randomized glaucoma patients with stable visual fields for a single visit
either for standard care with an ophthalmologist or for a semi-structured educational session
with an ophthalmic nurse. This trial took place in the United Kingdom and included 73
patients (Table 2). Adherence was classified by self-report on a scale where a score of 0
meant “I never use my eye drops,” and a score of 10 meant “I always use my eye drops”
(Table 1). All patients reported their adherence at baseline to be approximately 9/10; there
were no significant differences in baseline adherence between the nurse-led (8.92 + 1.5) or
physician-led groups (8.89 + 1.8).The physician visit was scheduled for 10 minutes, and the
content of the visit was at the discretion of the physician. The nurse visit was scheduled for
15 minutes, and 50% of the time was spent educating the patient on their type of glaucoma,
test results, and addressing any problems with adherence. Educational brochures were given
in the nurse-led session only. The nurses’ training to conduct the educational sessions was
not reported. Patients completed pre- and post- questionnaires about their medication
adherence, satisfaction with their glaucoma care, and questions related to their knowledge
about glaucoma. Adherence was measured by self-report. Overall, adherence improved in
both groups compared to baseline (p=0.004), but significantly fewer patients in the nurse-led
group reported any specific problems with adherence (p=0.04). Patient satisfaction scores
were significantly higher in the nurse-led group (p=0.03) but there was no effect of the
nursing intervention on glaucoma knowledge. The Jadad Score for this trial was 2/5 as there
was no description of those not completing follow-up or how the assessors of the outcome
were masked to the treatment arm.

Semin Ophthalmol. Author manuscript; available in PMC 2014 April 20.
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3. RCT #3: Tailored glaucoma education vs. standard carel®—Norell18 (1979)
randomized 73 patients from an academic hospital in Sweden with high-tension glaucoma
who were already taking pilocarpine three times per day to an educational intervention with
an ophthalmic assistant or standard care with an ophthalmologist (Table 2). The patients
were monitored with an electronic medication monitoring device for 20 days before and
after the educational intervention. The length of time between each dose of medication was
also measured (Table 1). The educational intervention consisted of a slideshow and leaflet
about glaucoma and its treatment followed by an interview with the ophthalmic assistant
who went over information from the slideshow that the patients may have not understood
and discussed any problems patients were having with their medications. The assistant also
created a plan with each patient to match the timing of their glaucoma drops to a daily
activity, and they wrote this plan down together. The training program for the ophthalmic
assistant was not reported. The intervention group had 9 + 6.1% fewer missed doses of
pilocarpine (p=0.0004) compared with the control group, and the intervention group also
had 12.9 + 5.5% fewer dosing intervals that were prolonged >8 hours (P<0.0001). The Jadad
score for this trial was 3/5 as there was no description of how the assessors of the outcome
were masked to the treatment arm.

4. RCT #4: Health literacy tailored glaucoma education vs. standard carel’—
Muir and colleagues?’ (2011) performed an RCT comparing an educational intervention
tailored to each patient’s health literacy level to others who received standard care with an
ophthalmologist. The trial involved 127 patients from the Durham, North Carolina Veterans
Administration Medical Center, VAMC (Table 2). An ophthalmic research assistant trained
by an ophthalmologist administered an educational video about glaucoma at a 4!, 7t or 10th
grade reading level depending on the health literacy of the patient. The research assistant
reviewed eye diagrams about glaucoma and its treatment with participants who had a 4% or
7t grade reading level and gave the American Academy of Ophthalmology’s brochure
about glaucoma to patients who had at least a 10t grade reading level (the brochure is
written at a 10t grade reading level). The research assistant then taught proper eye drop
instillation techniques and observed the patients instill their own drops. The research
assistant was observed by an ophthalmologist to ensure the quality and consistency of the
intervention. VAMC pharmacy records were used to quantify the number of days that every
participant went without medication (DWM) for the 6 months following the intervention
(Table 1). Although there was no statistically significant difference between the treatment
and control groups for DWM, there was an overall trend towards improved adherence in the
groups of patients with 41" and 7t grade health literacy levels. The authors emphasized both
the importance and need to tailor interventions based on the specific needs of each patient.
The Jadad score for this trial was 5/5 as the study was appropriately randomized, the
subjects lost to follow-up were appropriately described and the assessment of adherence
utilized pharmacy claims data so the assessor was effectively masked to the measurement of
the outcome. A limitation to this study was that it was 99% male.

B. Observational studies

There were four observational studies that took place between 2000 and 2011 which met our
inclusion criteria.14-16:20 A|] of the studies had a pre-post design in which baseline
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adherence was measured prior to the implementation of an educational intervention, and
then adherence was measured again after the intervention. Since this study design can bias
the result away from the null hypothesis because of regression to the mean, we assessed
each study for its use of a non-random control group or the use of a time-series analysis, as
both methods can help account for regression to the mean.3°

1. Observational Study #1: Motivational interviewing-based glaucoma
education vs. standard carel®—Cook and colleagues!® (2010) assessed the feasibility
of using motivational interviewing to improve glaucoma medication adherence.
Motivational interviewing is a counseling style that identifies and mobilizes a patient’s
intrinsic values and goals to stimulate behavior change38 and is based on several health-
behavior theories, including the Health Belief Model and the Theory of Self-Efficacy. They
identified 12 glaucoma patients from a US academic medical center (Table 2) who were
<80% adherent as identified by MEMS monitoring for 2 months (mean adherence 36.7 +
18.5%, Table 1). Eight out of these twelve study participants were randomly chosen to
receive the educational intervention, and adherence for these participants was measured
before and after the educational intervention. The intervention consisted of three 30-45
minute sessions and three 5-10 minute phone calls over a 6-month period in which an
ophthalmic technician used a motivational interviewing technique to explore the patient’s
current adherence, barriers to taking medications, difficulties with medication side effects,
or any questions the patient had about treatment. The ophthalmic technician also distributed
American Academy of Ophthalmology brochures about glaucoma. Four participants
completed all three in-person counseling sessions, and the other four completed two out of
the three in-person counseling sessions. A significant (P=0.03) improvement in adherence
was noted over the six month study period compared to the patients’ baseline.

The technician was trained in motivational interviewing using a motivational interviewing
instruction manual for 5.5 hours of self-study along with 6 hours of teaching by a behavioral
psychologist (who had expertise in motivational interviewing). The technician also received
training from an ophthalmologist about glaucoma medications and their side effects. The
technician was observed by the psychologist while he was counseling the patients, and the
psychologist assessed his fidelity to the motivational interviewing technique.

Study strengths include the rigorous training of the ophthalmic technician administering the
intervention and multiple measurements of adherence with MEMS prior to selecting poorly
adherent patients for inclusion in the study to reduce regression to the mean. Limitations
included a small sample size.

2. Observational Study #2: Glaucoma knowledge and adherence2°—Rendell20
(2000) conducted a study to assess the relationship between knowledge about glaucoma and
medication adherence. They measured knowledge about glaucoma, health motivation, health
locus of control and self-reported adherence in theoretical vignettes in 100 glaucoma
patients in the United Kingdom (Table 2). Knowledge and adherence before and after
participation in one of two types of educational interventions were measured (Table 1). The
first intervention utilized a didactic approach in which the patient was shown a disassembled
model eye and the researcher drew the effect of glaucoma on the model eye and listed risk
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factors for glaucoma and times for drop instillation. The second intervention utilized a
participatory method in which the patients took the model eye apart and were encouraged to
point out relevant structures and label the structures affected by glaucoma. Study
participants were given leaflets with illustrations of risk factors for glaucoma, and they were
asked to place a glaucoma medication bottle onto the appropriate dosing times on a chart of
drop instillation times. There were no significant differences in knowledge or beliefs about
adherence between the two groups. However, for all study participants, post-test knowledge
scores were significantly higher than pre-test knowledge scores (P<0.0001), and an
improvement in knowledge was correlated with an improved belief about adherence
(P<0.0001). The major limitation was that adherence was only measured as “a belief about
adherence” through self-report.

3. Observational Study #3: Group glaucoma education and adherencel®>—The
Shanghai Glaucoma Club!® was started in 1998 and met every two months for lectures by
ophthalmologists; its goal was to provide an informal group setting in which
ophthalmologists and their patients could interact and learn about glaucoma from each other.
In this study, a survey was given to 301 glaucoma patients who were randomly selected
from the Shanghai Glaucoma Club membership roster and to 314 consecutive non-club
patients seen in the Shanghai glaucoma clinic. Knowledge about glaucoma was found to be
significantly higher among club members than in clinic patients who were not in the club
(P<0.01), and there was a trend towards improved self-reported adherence among club
members (P=0.08) (Table 1). The major strengths of this study included its relatively large
sample size and inclusion of a non-random control group. A major limitation is that
adherence was measured by self-report through a non-standardized instrument.

4. Observational Study #4: Glaucoma knowledge and persistencel*—Blondeau
and colleagues!* (2011) measured the change in patient persistence with glaucoma
medication before and after a two-hour educational session among 342 glaucoma patients
from a solo practice (Table 2). The participants had glaucoma for a mean of 10 years, had a
mean baseline persistence of 78.9%, and opted to participate in the educational session. The
session included a presentation about glaucoma given by a nurse, and the nurse also
observed each participant as he or she practiced instilling eye drops. The sessions were
limited to 15 people and included patients’ family members. Patients were given a handout
about glaucoma after the session. They were contacted by the nurse at 1, 4, and 10 months
after the session to address any general concerns, encourage adherence, and schedule
follow-up visits. Pharmacy data was used to measure persistence for two years prior to the
session and one year after the session; persistence was unchanged after the intervention
(P>0.05) (Table 1). However, compared to a non-random control group of 1187 glaucoma
patients from the same practice who did not choose to attend the educational sessions, the
patients who attended the session were 6.0% more persistent than those who did not attend
the session (P<0.05). Strengths of this study included its relatively large sample size,
inclusion of a non-random control group, and time-series analysis where multiple
measurements of persistence were taken before and after the intervention. A limitation of
this study was the high level of baseline persistence in the patients who chose to participate
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in the educational session; the “healthy volunteer effect” may have significantly impacted
this study.

V. Discussion

Overall, five out of eight (63%)16:18-21 of the reviewed studies revealed a statistically
significant improvement in glaucoma medication adherence after educational interventions,
and two others (25%)14.15.17 demonstrated a trend towards an improvement in adherence
that was not statistically significant. One study (12%)4 of patients who already had a
relatively high baseline adherence level showed no improvement after an educational
intervention. The types of educational interventions utilized in each study were very
different from one another; therefore, it is difficult to determine which specific aspects of the
educational interventions had the most impact on medication adherence.

All eight studies focused on improving knowledge in order to improve glaucoma medication
adherence. We developed a conceptual model (Figure 1) based on the Health Belief Model
and the Theory of Self-Efficacy to frame the various aspects of knowledge about glaucoma
that could affect adherence as well as the various barriers to adherence that have been
identified. Knowledge about glaucoma can be broken down into four categories (Figure 1,
Components of Knowledge): 1) a patient’s perceived susceptibility to glaucoma, 2)
perceived severity of disease, 3) perceived benefits of treatment or 4) ability to instill eye
drops correctly. A patient’s perceived susceptibility to glaucoma and perceived severity of
disease is also linked to acceptance of diagnosis: does the patient believe that he/she has a
potentially vision-threatening condition that is important to treat to prevent blindness? While
all of the educational interventions included in our analysis addressed overall knowledge
about the pathophysiology and treatment of glaucoma, only the study by Cook and
colleagues addressed individual perceptions of how glaucoma affected them through
motivational interviewing.

The second part of our conceptual framework (Figure 1, Types of Barriers to Adherence)
attempts to classify barriers to glaucoma medication adherence that have been identified in
the literature. Reasons for poor adherence include: a limited knowledge about
glaucoma,11:12.37 forgetfulness,12:37:38 medication cost,12:37 side effects,11:37:38 difficulty
with drop administration,11:12.37.38 or complexity of the regimen.37:38 There have been a
number of in-depth qualitative studies undertaken to better understand reasons for non-
adherence in glaucoma patients. One of the largest studies assessing adherence, the
Glaucoma Adherence and Persistency Study, found patients to be less adherent if they did
not understand that not taking their medicine increased their risk for vision loss.39 Stryker
and colleagues!! conducted 80 in-depth interviews and found that non-adherent patients did
not know what the benefit was to taking their glaucoma medications regularly and were not
likely to question their doctor. Interviews with adherent glaucoma patients revealed that
keys to their success were education and social support.13 Lacey and colleagues conducted a
combination of focus groups and semi-structured interviews with glaucoma patients and
found that a fear of blindness and a belief in effective glaucoma medications were key
motivators for adherence.12

Semin Ophthalmol. Author manuscript; available in PMC 2014 April 20.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Newman-Casey et al.

Page 11

In our model, we divided barriers to adherence into two categories: “patient and situational
factors” and “regimen factors.” Tsai and colleagues developed a taxonomy of barriers to
glaucoma medication adherence, and they found that patient and situational factors and
regimen factors accounted for >95% of barriers to adherence.3” “Regimen factors” are
barriers that cannot be fundamentally changed with education, such as medication cost, side
effects or the complexity of the medication regimen. These barriers can be addressed by
providing the patient a longer opportunity with either a physician or a physician-extender to
discuss their issues with these external factors. “Patient and situational factors” are barriers
identified in the literature that can be improved by education and motivation. Forgetfulness,
difficulty instilling drops, self-efficacy, or lack of understanding of the disease process can
all be affected by educational interventions. All eight studies addressed a lack of
understanding of the disease process. Three studies addressed forgetfulness;16:18.19 three
studies addressed eye drop instillation;1417.19 one study addressed self-efficacy.16

While only one study addressed patients’ perceptions of their susceptibility to losing vision
from glaucoma, a number of the interventions were personalized in other ways. Four out of
the fivel6.18.19.21 stydies which showed a significant improvement in glaucoma medication
adherence personalized the educational information provided to the specific needs of their
patients. All of these interventions had a member of the study team sit down with the patient
and discuss the various barriers to adherence or answer questions about his or her disease
individually. Muir and colleagues!’ tailored their intervention more formally based on their
patients’ levels of health literacy, and their approach was more effective for patients with
low and marginal health literacy compared to patients with at least a 101" grade health
literacy level. “Tailoring” refers to creating educational material that is individualized.
Tailored information has been shown to be more effective than non-tailored educational
materials in other areas of health prevention as well, such as in improving rates of smoking
cessation, fruit and vegetable consumption and obtaining mammograms.4041 The fact that
the majority of the effective educational interventions to improve glaucoma knowledge used
a personalized educational approach further reinforces the effectiveness of tailored
educational material.

In order to build upon existing knowledge, the National Health Institute recommends
utilizing health-behavior theory to design new educational interventions.?2 In our systematic
review of the literature on educational interventions targeting improving glaucoma
medication adherence, the majority of the studies utilized some aspects of different behavior
change theories in their interventions, but only two out of eight16:20 interventions formally
defined exactly which theories they were using, how providers were trained in these
approaches, and how they applied the theories to their interventions. Cook and colleagues
focused specifically on using motivational interviewing to improve self-efficacy in order to
improve glaucoma medication adherence. Rendell and colleagues focused on different
aspects of adult learning theory and health motivation theory to inform their intervention,
and they found that more knowledge, regardless of their particular educational technique,
was associated with better glaucoma medication adherence.

The majority of the studies in this systematic review revealed either a significant
improvement in glaucoma medication adherence with an educational intervention or a trend
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towards improvement. The most multifaceted intervention targeted towards patients with
poor adherence undertaken by Okeke and colleagues had a statistically significant
improvement in medication adherence at 6 months. The nurse-led educational session in
fairly persistent patients by Blondeau did not show any improvement in persistence at one
year. The diabetes literature has shown that the effect of educational interventions on disease
self-management and medication adherence tends to wane over time and may need to be
repeated to sustain an effect.#2 Studies with additional data and longer follow-up are needed
to evaluate the impact of educational interventions on maintenance of adherence in order to
determine the optimal way to structure educational sessions in the ophthalmologists’ office.

A limitation to this study is that of publication bias; studies that have negative results are
less likely to be published than studies with positive results. This review cannot comment on
studies that have not been published and may give a more favorable impression of the
efficacy of educational interventions’ effect on glaucoma medication adherence than is
warranted.

Conclusion

The challenges of glaucoma medication adherence and health-behavior change require
continuing efforts to define useful educational interventions based on the framework of
health-behavior theory. At present, there are a few high-quality studies grounded in Health
Behavior Theory that address glaucoma medication adherence through educational and
counseling interventions with adequate sample size and follow up. We propose that future
educational interventions should attempt to focus on: 1) improving knowledge about
glaucoma by addressing patient perceptions of glaucoma severity, their susceptibility to
glaucoma, and how effective the treatment would be for a particular patient, 2) addressing
both types of barriers, “patient and situational factors” and “regimen factors,” which include
patient self-efficacy, as presented in our model, 3) evaluating long-term effects of
educational interventions on maintenance of good adherence beyond 1 year, 4) utilizing
multiple measures of adherence to more precisely and accurately quantify adherence, 5)
conducting trials of educational interventions in which the assessors of adherence are
adequately masked, and 6) describing the technique used to train the staff administering the
intervention in enough detail that it could be easily taught to ophthalmic nurses or
technicians.

Acknowledgments

The authors thank Marisa Conte, MLIS, for her assistance with the systematic review.

Michele Heisler: Grant support: National Institute of Health, Agency for Healthcare Research and Quality, Robert
Wood Johnson Foundation, Veteran’s Affairs Health Services Research & Development

Paul P. Lee: Intellectual Property Rights/Patent Holder: Duke; Consulting fees: Pfizer, Quorum Consulting,
Genentech; Grant support: Alcon Research Institute; Stocks: Merck, Pfizer, Glaxo SmithKline, Medco, Vitalspring
Health Technologies

Joshua D. Stein: Grant support: Blue Cross Blue Shield of Michigan Foundation, National Eye Institute K23
Mentored Clinician Scientist Award, American Glaucoma Society, National Eye Institute Core Grant EY00703

Semin Ophthalmol. Author manuscript; available in PMC 2014 April 20.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Newman-Casey et al.

References

1.

Page 13

AGIS Investigators. The Advanced Glaucoma Intervention Study (AGIS): 7. The relationship
between control of intraocular pressure and visual field deterioration. The AGIS Investigators.
American journal of ophthalmology. 2000; 130:429-440. [PubMed: 11024415]

. Leske MC, Heijl A, Hussein M, Bengtsson B, Hyman L, Komaroff E. Factors for glaucoma

progression and the effect of treatment: the early manifest glaucoma trial. Archives of
ophthalmology. 2003; 121:48-56. [PubMed: 12523884]

. Kass MA, Heuer DK, Higginbotham EJ, et al. The Ocular Hypertension Treatment Study: a

randomized trial determines that topical ocular hypotensive medication delays or prevents the onset
of primary open-angle glaucoma. Archives of ophthalmology. 2002; 120:701-713. discussion
829-730. [PubMed: 12049574]

. Stewart WC, Chorak RP, Hunt HH, Sethuraman G. Factors associated with visual loss in patients

with advanced glaucomatous changes in the optic nerve head. American journal of ophthalmology.
1993; 116:176-181. [PubMed: 8352302]

. Rossi GC, Pasinetti GM, Scudeller L, Radaelli R, Bianchi PE. Do adherence rates and glaucomatous

visual field progression correlate? European journal of ophthalmology. 2011; 21:410-414.
[PubMed: 21140373]

. Sleath B, Blalock S, Covert D, et al. The Relationship between Glaucoma Medication Adherence,

Eye Drop Technique, and Visual Field Defect Severity. Ophthalmology. 2011; 118:2398-2402.
[PubMed: 21856009]

. Olthoff CM, Schouten JS, van de Borne BW, Webers CA. Noncompliance with ocular hypotensive

treatment in patients with glaucoma or ocular hypertension an evidence-based review.
Ophthalmology. 2005; 112:953-961. [PubMed: 15885795]

. Kass MA, Gordon M, Morley RE Jr, Meltzer DW, Goldberg JJ. Compliance with topical timolol

treatment. American journal of ophthalmology. 1987; 103:188-193. [PubMed: 3812621]

. Choudhry NK. Copayment levels and medication adherence: less is more. Circulation. 2009;

119:365-367. [PubMed: 19171865]

10. Feldman R, Bacher M, Campbell N, Drover A, Chockalingam A. Adherence to pharmacologic

management of hypertension. Canadian journal of public health. Revue canadienne de sante
publique. 1998; 89:116-118. [PubMed: 9813921]

11. Stryker JE, Beck AD, Primo SA, et al. An exploratory study of factors influencing glaucoma

treatment adherence. Journal of glaucoma. 2010; 19:66—72. [PubMed: 20075676]

12. Lacey J, Cate H, Broadway DC. Barriers to adherence with glaucoma medications: a qualitative

research study. Eye (Lond). 2009; 23:924-932. [PubMed: 18437182]

13. Lunnela J, Kaariainen M, Kyngas H. The views of compliant glaucoma patients on counselling and

social support. Scandinavian journal of caring sciences. 2010; 24:490-498. [PubMed: 20210901]

14. Blondeau P, Carbonneau M, Esper P, Turcotte PC. A 2-hour Information Session and Patient

Recall has Minimal Impact on Glaucoma-treatment Persistence in a Mature Practice. Journal of
glaucoma. 2011

15. Chen X, Chen Y, Sun X. Notable role of glaucoma club on patients' knowledge of glaucoma.

Clinical & experimental ophthalmology. 2009; 37:590-594. [PubMed: 19702709]

16. Cook PF, Bremer RW, Ayala AJ, Kahook MY. Feasibility of motivational interviewing delivered

by a glaucoma educator to improve medication adherence. Clin Ophthalmol. 2010; 4:1091-1101.
[PubMed: 20957054]

17. Muir KW, Ventura A, Stinnett SS, Enfiedjian A, Allingham RR, Lee PP. The influence of health

literacy level on an educational intervention to improve glaucoma medication adherence. Patient
education and counseling.

18. Norell SE. Improving medication compliance: a randomised clinical trial. British medical journal.

1979; 2:1031-1033. [PubMed: 519269]

19. Okeke CO, Quigley HA, Jampel HD, et al. Interventions improve poor adherence with once daily

glaucoma medications in electronically monitored patients. Ophthalmology. 2009; 116:2286—
2293. [PubMed: 19815286]

Semin Ophthalmol. Author manuscript; available in PMC 2014 April 20.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Newman-Casey et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 14

Rendell J. Effect of health education on patients' beliefs about glaucoma and compliance. Insight.
2000; 25:112-118. [PubMed: 11908028]

Sheppard J, Warner J, Kelley K. An evaluation of the effectiveness of a nurse-led glaucoma
monitoring clinic. Ophthalmic Nurs Int J Ophthalmic Nurs. 2003; 7:15-21.

Rimer, B.; KA, G. A Guide for Health Promotion Practice. Washington DC: National Cancer
Institute, National Institute of Health, US Department of Health and Human Services; 1997.
Theory at a Glance. http://www.cancer.gov/cancertopics/cancerlibrary/theory.pdf [Accessed April
23 2012]

Clark, N.; Becker, M. Transtheoretical models and strategies for improving adherence and disease
management. In: Shumaker EBS, Sally A.; Ockene, Judith K.; McBee, Wendy L., editors. The
Handbook of Health Behavior Change. 2nd ed. New York: Springer Publishing Company; 1998.
p. 5-25.

Champion, VL.; Skinner, CS. The health belief model. In: Glanz, K.; Rimer, BK.; Viswanath, K.,
editors. Health Behavior and Health Education : Theory, Research, and Practice. 4th ed. San
Francisco, CA: Jossey-Bass; 2008.

Rosenstock IMSV, Becker MH. Social Learning Theory and the Health Belief Model. Health
Education and Behavior. 1988; 15:175-183.

Kulkarni SV, Damji KF, Buys YM. Medical management of primary open-angle glaucoma: Best
practices associated with enhanced patient compliance and persistency. Patient preference and
adherence. 2008; 2:303-314. [PubMed: 19920977]

Schwartz GF, Quigley HA. Adherence and persistence with glaucoma therapy. Survey of
ophthalmology. 2008; 53(Suppl1):S57-S68. [PubMed: 19038625]

Muir KW, Lee PP. Glaucoma medication adherence: room for improvement in both performance
and measurement. Archives of ophthalmology. 2011; 129:243-245. [PubMed: 21320975]

Kass MA, Gordon M, Meltzer DW. Can ophthalmologists correctly identify patients defaulting
from pilocarpine therapy? American journal of ophthalmology. 1986; 101:524-530. [PubMed:
3706456]

Robin AL, Novack GD, Covert DW, Crockett RS, Marcic TS. Adherence in glaucoma: objective
measurements of once-daily and adjunctive medication use. American journal of ophthalmology.
2007; 144:533-540. [PubMed: 17686450]

Okeke CO, Quigley HA, Jampel HD, et al. Adherence with topical glaucoma medication
monitored electronically the Travatan Dosing Aid study. Ophthalmology. 2009; 116:191-199.
[PubMed: 19084273]

Gurwitz JH, Glynn RJ, Monane M, et al. Treatment for glaucoma: adherence by the elderly.
American journal of public health. 1993; 83:711-716. [PubMed: 8484454]

Sharma M, Ansari MT, Abou-Setta AM, et al. Systematic review: comparative effectiveness and
harms of combination therapy and monotherapy for dyslipidemia. Annals of internal medicine.
2009; 151:622-630. [PubMed: 19884623]

Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports of randomized clinical
trials: is blinding necessary? Controlled clinical trials. 1996; 17:1-12. [PubMed: 8721797]
Norman, G.; Streiner, D., editors. Biostatistics: The Bare Essentials. 3rd ed. Hamilton, ON: BC
Decker Inc; 2008. Measuring change; p. 179-181.

Resnicow K, McMaster F. Motivational interviewing: moving from why to how with autonomy
support. Int J Behav Nutr Phys Act. 2012; 9:19. [PubMed: 22385702]

Tsai JC, McClure CA, Ramos SE, Schlundt DG, Pichert JW. Compliance barriers in glaucoma: a
systematic classification. Journal of glaucoma. 2003; 12:393-398. [PubMed: 14520147]

Taylor SA, Galbraith SM, Mills RP. Causes of non-compliance with drug regimens in glaucoma
patients: a qualitative study. Journal of ocular pharmacology and therapeutics : the official journal
of the Association for Ocular Pharmacology and Therapeutics. 2002; 18:401-409.

Friedman DS, Hahn SR, Gelb L, et al. Doctor-patient communication, health-related beliefs, and
adherence in glaucoma results from the Glaucoma Adherence and Persistency Study.
Ophthalmology. 2008; 115:1320-1327. 1327, €1321-e1323. [PubMed: 18321582]

V. S. Computer-tailored smoking cessation material: a review and discussion. Patient education
and counseling. 1999; 36:107-117. [PubMed: 10223016]

Semin Ophthalmol. Author manuscript; available in PMC 2014 April 20.


http://www.cancer.gov/cancertopics/cancerlibrary/theory.pdf

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Newman-Casey et al.

Page 15

41. Hawkins RPKM, Resnicow K, et al. Understanding tailoring in communicating about health.
Health Educ Research. 2008; 23:454-466.

42. Norris SL, Lau J, Smith SJ, Schmid CH, Engelgau MM. Self-management education for adults
with type 2 diabetes: a meta-analysis of the effect on glycemic control. Diabetes care. 2002;
25:1159-1171. [PubMed: 12087014]

Semin Ophthalmol. Author manuscript; available in PMC 2014 April 20.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Newman-Casey et al.

Model of Glaucoma Medication Adherence

Page 16

Knowledgel421

Components of Knowledge

Perceived susceptibility to
disease!®

Perceived severity of
diseasel®

Perceived benefits of
treatment!®

Ability to 1nstill
eyedrops!417.19

t

Behavior Change:

Improved glaucoma
medication adherence

Barriers

Figure 1.

Types of Barriers to Adherence

Patient and Situational Factors®’
Forgetfulness!6- 18.19
Difficulty instilling drops!#+17-19
Self-efficacy!6
Lack of understanding of
disease process!*?!

Regimen Factors?’
Cost
Side effects
Complexity of medication
regimen

Perceived Stress

Conceptual Model of Glaucoma Medication Adherence

Semin Ophthalmol. Author manuscript; available in PMC 2014 April 20.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Newman-Casey et al.

Outcome Measurements

Table 1

Page 17

Electronic Medication
Monitoring

Pharmacy Claims Data

Self-Report

How well does the
measurement capture

v Obtaining medication

v Obtaining medication

> Low reliability for all
3 measures

adherence?28 v Using medication daily
v Timing medication
dosages appropriately
Outcome
Measurements by
Study

Blondeau et al.1*

Persistence with Medication

Questionnaire, “do you use your
medications on time?” “do you

Chen et al.1® occasionally forget?”
Used MEMS but no details of
Cook et al.16 measurement methodology
Days Without Medication &
Muir et al.2” Medication Possession Ratio
# missed doses and # doses outside
Norell8 the every 8 hour time window

Okeke et al.1®

Drop taken within +4 hours of
prescribed time

Rendell et al. 20

Vignettes addressing persistence,
adherence to prescribed timing and
# of doses, and no un-prescribed
treatments

Sheppard et al.2!

11 point scale “I never use my
drops” to “I always use my drops”

MEMS, Medication Events Monitoring System
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