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ABSTRACT
Purpose: To report the psychometrics of the Glaucoma Treatment Compliance Assessment Tool (GTCAT), a new questionnaire
designed to assess adherence with glaucoma therapy.
Methods: We developed the questionnaire according to the constructs of the Health Belief Model. We evaluated the questionnaire
using data from a cross-sectional study with focus groups (n = 20) and a prospective observational case series (n=58). Principal
components analysis provided assessment of construct validity. We repeated the questionnaire after 3 months for test-retest reliability.
We evaluated predictive validity using an electronic dosing monitor as an objective measure of adherence.
Results: Focus group participants provided 931 statements related to adherence, of which 88.7% (826/931) could be categorized into
the constructs of the Health Belief Model. Perceived barriers accounted for 31% (288/931) of statements, cues-to-action 14%
(131/931), susceptibility 12% (116/931), benefits 12% (115/931), severity 10% (91/931), and self-efficacy 9% (85/931). The
principal components analysis explained 77% of the variance with five components representing Health Belief Model constructs.
Reliability analyses showed acceptable Cronbach’s alphas (>.70) for four of the seven components (severity, susceptibility, barriers
[eye drop administration], and barriers [discomfort]). Predictive validity was high, with several Health Belief Model questions
significantly associated (P <.05) with adherence and a correlation coefficient (R2) of .40. Test-retest reliability was 90%.
Conclusion: The GTCAT shows excellent repeatability, content, construct, and predictive validity for glaucoma adherence. A
multisite trial is needed to determine whether the results can be generalized and whether the questionnaire accurately measures the
effect of interventions to increase adherence.
Trans Am Ophthalmol Soc 2013;111:1-16

INTRODUCTION
Adherence with glaucoma medications is a key component of a successful glaucoma treatment program. C. Everett Koop, the former
US Surgeon General, famously remarked, “Drugs don’t work in patients who don’t take them.”1 Researchers define compliance as the
extent to which patients take medications as prescribed by their health care provider.1 Some prefer the term adherence, because it
suggests a treatment alliance between the patient and provider.1 Regardless of the definition, glaucoma patients attain the full benefits
of ocular hypotensive medications only when they use them every day.
The aim of this study is to report the psychometrics of the Glaucoma Treatment Compliance Assessment Tool (GTCAT), a new
questionnaire designed to assess adherence with glaucoma therapy. We hypothesize that the questionnaire will show good
repeatability, as well as content, construct, and predictive validity, for glaucoma adherence.
THE PROBLEM AND IMPORTANCE OF ADHERENCE TO GLAUCOMA THERAPY
Adherence to ocular hypotensive medications is a critical part of secondary prevention of visual impairment from glaucoma. Ocular
hypotensive medications are used by 86% of patients with glaucoma and are the most common treatment for glaucoma.2 Glaucoma
patients require long-term treatment over an average of 15 years.3 Finally, medications are very effective—reducing the development
or worsening of glaucoma by at least 60%.4-6
However, adherence with prescribed glaucoma treatments is notably poor.7-10 While glaucoma medications require treatment every
day, a recent study showed that only 56% of patients used more than 75% of the expected doses.11 Studies using pharmacy records
have shown that only 50% of glaucoma patients refill their medication within 6 months of the initial 90-day supply.12-14 Several
studies show an average estimate of nonadherence at 40%.8,15,16 Other studies have noted that poor adherence results in greater visual
loss and a higher risk of blindness,7,17-19 and nonadherence is thought to be a leading cause of blindness in those with glaucoma.20-22
Overall, glaucoma patients commonly deviate from their prescribed medical regimen; nonadherence represents a significant barrier to
successful treatment of glaucoma; and nonadherence is associated with increased risk of visual disability and blindness.
MEASURING ADHERENCE WITH GLAUCOMA THERAPY
Glaucoma adherence is difficult to measure. Patients routinely overestimate their level of adherence with self-report as compared with
objective measures.23 Intraocular pressure is a poor surrogate for adherence because patients commonly increase their adherence in the
day prior to visiting their eye care provider.10 Observational methods (eg, having a trained observer witness the administration) are
impractical and intrusive. Pharmacy records may be valid for measuring adherence of large groups, but can be inaccurate for
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individual patients and are difficult to obtain.
Objective methods, such as electronic dose monitors, are the best method of measuring adherence. However, accurately measuring
adherence with glaucoma ocular hypotensive medications presents unique problems when compared to devices to measure oral pill
usage, such as tablets for systemic hypertension. The US Food and Drug Administration (FDA) approves an eye drop medication
based on the efficacy of the medication, but also on the specific characteristics of the container holding the medication.25 The FDA
will not allow researchers to use bottles that have not been approved for a specific medication because of concerns regarding sterility,
drop quantity, and drop volume. Therefore, an eye drop dose monitor must utilize the FDA-approved bottle, and these bottles vary
widely in their size and shape. Because of these issues, researchers and eye care providers have had difficulty developing a suitable
device to measure the drop-taking behavior of glaucoma patients. Another option to objectively measure adherence is the Medication
Event Monitoring System (MEMS), where one places an eye drop bottle within the MEMS bottle.26 The MEMS cap records the date
and time of unscrewing the cap.27 This “bottle within a bottle” mechanism for eye drop compliance requires multiple extra steps when
measuring adherence with an eye drop. This cumbersome process deviates from the usual process of administering eye drops, making
it difficult to determine whether one is measuring actual eye drop monitoring behavior.
In the current study, we used an objective eye drop monitor, the Travatan Dosing Aid (TDA; Alcon, Fort Worth, Texas), which is
available for travoprost ophthalmic solution.
FACTORS RELATED TO GLAUCOMA ADHERENCE
Previous studies have provided insight into the factors associated with glaucoma adherence. Lacey and associates28 showed adherence
to be associated with fear of blindness, forgetfulness, difficulty with drop application, and age. Friedman and associates29 found
adherence to be associated with method of communication, patient education, risk of vision loss, cost, traveling, side effects, and
demographic factors. Other researchers30,31 have shown that low health literacy is associated with poor adherence. Several studies have
shown that glaucoma patients frequently have difficulty with drop instillation by missing the eye and by touching the eye with the eye
drop bottle tip.32,33 Overall, these studies suggest that glaucoma adherence is a complex behavior with multiple contributing factors.
HEALTH BEHAVIOR MODELS
One way to help simplify and characterize adherence is to develop a model of the factors related to adherence. For example, eye care
providers use an organizing framework to determine the most likely cause of anterior uveitis by assessing the chief complaint,
examination findings, review of symptoms, and past medical, family, and social history. Similarly, eye care providers would benefit
from an organizing framework to determine the causes for poor adherence with glaucoma therapy.
Health psychologists and researchers have developed many health behavior models to explain adherence, and four are well known:
(1) Transtheoretical Model (also known as the Stages of Change); (2) Theory of Reasoned Action/Planned Behavior; (3) Social
Cognitive Theory; and (4) the Health Belief Model. The Transtheoretical Model describes the relationships among stages of change,
processes of change, decisional balance, situational confidence, and situational temptation to relapse.34 The Theory of Reasoned
Action/Planned Behavior postulates that behavior is influenced by the intention to perform the behavior, which is influenced by three
variables: subjective norms, attitudes, and self-efficacy.35 Social Cognitive Theory includes both environmental and social factors to
predict health behavior.36 The Health Belief Model predicts that patients value health, consider the disease as a threat with avoidable
consequences, and expect positive outcomes from treatment.37 While different in some ways, these theories have overlapping
constructs or themes for explaining adherence to medical therapy.
HEALTH BELIEF MODEL
We developed the current project using the constructs of the Health Belief Model as the organizing framework for glaucoma
adherence.36 The Health Belief Model is a psychologically driven framework of concepts designed to explain and predict health
behaviors by examining individuals’ beliefs and attitudes regarding diseases and their treatments. It predicts preventive, screening,
and/or treatment adherence based on value expectancy theory, which examines the value individuals place upon their current state of
health and their expectancy that some action will maintain or improve that state.37 For example, under the Health Belief Model
theory, a person with glaucoma will be more likely to comply with treatment regimens if he or she places a high value on his or her
current level of vision and also believes than an ocular hypotensive medication will prevent further vision loss. Table 1 describes the
Health Belief Model constructs, which include the severity of the disease, susceptibility to the disease, the benefits offered by a
recommended action, and the barriers to taking said action. The mediating factors of self-efficacy (individual’s perception of his or
her ability to perform a recommended action) and cues-to-action (external encouragements to perform a recommended action) have
been added to the original four constructs.37
The Health Belief Model has been effective in predicting adherence with various preventative and treatment approaches across a
variety of medical conditions. It has been correlated with adherence in conditions such as breast self-examinations,38-43 condom
use,44,45 psychiatric medications,46,47 coronary heart disease,48 diabetes treatments,49-54 vaccinations,55,56 and exercise programs.57 For
example, patients with systemic hypertension who believed their medication prevented stroke and coronary artery disease (perceived
benefits) were more likely to be compliant with treatment regimens.58 Overall, these studies demonstrate that the Health Belief Model
is able to predict health behavior in a variety of medical conditions.
We considered alternative health behavior models to examine glaucoma adherence. However, glaucoma adherence may not
require models, such as the Transtheoretical (Stages of Change) Model, that conceptualize contemplation and action with long-term
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treatment of a chronic disease such as glaucoma. For example, a health educator may use this model to gauge interest in stopping
smoking and encourage a smoker to reach a stage termed contemplative. Only when this person reaches this stage will the health
educator recommend an intervention to prevent smoking. This assessment of stage of change for a single action (stopping smoking)
may not apply for glaucoma, which requires daily treatment over many years.
TABLE 1. DEFINITIONS OF THE HEALTH BELIEF MODEL CONSTRUCTS
AS APPLIED TO GLAUCOMA TREATMENT. GLAUCOMA TREATMENT
COMPLIANCE ASSESSMENT TOOL STUDY
CONSTRUCT

DEFINITION

Perceived severity

One’s opinion of how serious
glaucoma and its consequences
are
One’s opinions of the chances
of developing worsening
glaucoma

Perceived susceptibility

Perceived benefits
Perceived barriers
Cues-to-action
Self-efficacy
Other reasons

One’s belief in the efficacy of
using eye drops to reduce the
risk or seriousness of glaucoma
One’s opinion of the tangible
and psychological costs of
taking the drops
External strategies or
encouragements to take drops
Confidence in one’s ability to
use the drops correctly and
effectively
Comment not better described
by any of the above

EXAMPLE FROM FOCUS
GROUP TRANSCRIPT
“I could go blind from
glaucoma.”
“My mom went blind from
glaucoma, so I wasn’t
surprised that I could lose
vision.”
“I think the drops will keep me
from going blind.”

ALTERNATE EXAMPLES
Loss of function
Risk factors
Family history
Lowers intraocular pressure
Preserves current sight

“The drops are too expensive.”

Side effects
Cost

“I keep my drops by my bed so
I can use them at night.”
“I have a hard time getting the
drops in my eyes.”

Reminder system
Encouragement from family
Size of bottle
Unable to squeeze bottle

“You must have a good rapport
with your doctor.”

Education
Depression

Ophthalmology studies have generally not used an organizing framework for determining the factors related to adherence to
glaucoma therapy. In this study we report the psychometric results of the GTCAT, a new questionnaire based on the Health Belief
Model to assess adherence with glaucoma therapy. We present evidence supporting its use as a research tool to characterize and
measure the factors related to adherence with glaucoma therapy.

METHODS
Researchers have created valid, reproducible questionnaires, such as the National Eye Institute 51-item Visual Function Questionnaire
(NEI-VFQ-51) and the revised NEI-VFQ-25, using focus groups and field testing.59-61 We followed a similar process. Table 2
describes the study designs and analyses for assessing the psychometrics of the GTCAT. The Institutional Review Board at Legacy
Health System approved both studies included in this thesis: (1) cross-sectional study design with focus groups and (2) a prospective
observational case series. All participants signed an informed consent. The study was conducted in accordance with the tenets of the
Declaration of Helsinki.
THE GLAUCOMA TREATMENT COMPLIANCE ASSESSMENT TOOL
We created a questionnaire, the GTCAT, to study glaucoma medication adherence. We developed the questionnaire using expert
opinion, previous studies regarding adherence in glaucoma patients,10,62,63 and the Health Belief Model.37 This questionnaire includes
items related to the six Health Belief Model constructs listed previously, as well as other relevant information, such as age, medical
history, gender, income, education levels, and type of insurance coverage. Most questions include a 10-interval Likert scale response
with anchoring definitions (eg, 0=absolutely disagree, 10=absolutely agree). The GTCAT questionnaire contains language at a 6th
grade reading level (as shown by a Flesch-Kincaid reading level of 6.2 and reading ease of 69.3 [11- to 12-year-old level]). Research
assistants required (mean ± SD) 18.0 ± 4.0 minutes (range, 12-28 minutes) to administer the questionnaire.
FOCUS GROUP STUDY
The purpose of the focus group design is twofold: (1) to determine content validity and (2) to determine whether the GTCAT
encompasses the factors relevant to glaucoma. Focus groups provide in-depth insight into a particular issue, capture group
interactions and group norms on a broad range of topics, and can be formative in the development of questionnaire instruments.
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The eligibility criteria for participants in the focus group study were as follows: (1) had been prescribed one or more ocular
hypotensive medications and (2) had received a visual field examination during the previous year. The exclusion criterion was
cognitive impairment limiting ability to understand the GTCAT questions. We recruited participants using flyers located in clinical
areas of Devers Eye Institute.
TABLE 2. VALIDATION OF THE GTCAT: SUMMARY OF STUDY DESIGN AND ANALYSIS. GLAUCOMA
TREATMENT COMPLIANCE ASSESSMENT TOOL STUDY
CONTENT
VALIDITY

CONSTRUCT
VALIDITY

PREDICTIVE
VALIDITY

TEST-RETEST
RELIABILITY

Study design

Cross-sectional focus
groups

Prospective,
observational case series

Prospective,
observational case series

Prospective,
observational case series
with repeated measures

Analysis/outcome
measures

Scope: unique responses
Frequency of responses
Distribution: number of
persons with similar
responses
Categorization of
responses into Health
Belief Model constructs

Principal components
analysis
Internal consistency
reliability (Cronbach’s α)
Frequency analysis,
floor/ceiling effects

Univariate and
multivariate regression

Paired samples testing
(paired t tests,
nonparametric
correlation, BlandAltman analysis74)

A research assistant with a psychology background and previous experience leading focus groups moderated the sessions. The
moderator followed a written interviewing guide and used nondirective and open discussion techniques to facilitate participant
discussion. Fictitious patient scenarios of those with a diagnosis of glaucoma suspect, early glaucoma, or severe glaucoma were used
to stimulate discussion. A second research assistant audio taped the sessions, using a primary and a backup audio recorder, and took
detailed notes of the order of speaking.
We used contextual analysis to separate the transcript into statements relevant to the topic of adherence with ocular
medications.64,65 Two research assistants independently categorized the statements into the six constructs of the Health Belief Model
(Table 1), or as “other reasons.” They also determined whether the same issue was mentioned in an earlier part of the transcript or a
previous focus group. If not, they labeled this statement unique. The research assistants adjudicated any disagreements in
categorization, and a third expert mediated any unresolved disagreements.
Focus Group Study Data Analysis
We used the adjudicated contextual results and frequency statistics to determine the proportion of focus group responses that included
Health Belief Model constructs, proportion of responses within each Health Belief Model construct category, the proportion of
participants mentioning a particular Health Belief Model construct (also known as distribution), and the number of unique responses.
Focus groups do not lend themselves to typical statistical power analysis because one is unable to determine standard deviation,
detectable difference, beta, and alpha levels. Therefore, we used the recommendation to enroll additional focus groups until the
content of additional focus groups becomes largely redundant.65 This stopping rule occurs when subsequent focus group statements
include less than 10% unique statements.65
OBSERVATIONAL CASE SERIES
The purpose of the observational case series was to determine (1) construct validity, (2) reliability, (3) predictive validity, and (4) testretest repeatability. To be eligible to participate in the observational case series, patients had to (1) be 18 years or older; (2) have a
diagnosis of open-angle glaucoma in one or both eyes, or ocular hypertension; and (3) use a prostaglandin ocular hypotensive
medication in one or both eyes. The protocol excluded patients with uncontrolled intraocular pressure, known contraindications to
travoprost, clinically significant systemic disease that would interfere with the study, participation in any other research study within
30 days, or a change in systemic medications that may alter intraocular pressure within 30 days before recruitment.
In addition to the GTCAT, information on the number of ocular medications, baseline intraocular pressure of each eye, and
severity of the visual field deviation in each eye was assessed from the current medical record. The GTCAT was administered at the
enrollment visit and the 3-month follow-up visit, and the same trained research assistant administered the GTCAT on both dates. At
the time of the second visit, interviewers and participants were masked to the baseline GTCAT results.
After administering the GTCAT at the enrollment visit, a research assistant demonstrated proper use of the TDA to the participant.
The TDA is a battery-operated device that records the time, date, and number of drops of medication released from the bottle. The
device also has a programmable audio and visual reminder system, which we deactivated for this particular study. Alcon designed the
device to be used with either the 2.5 mL or 5 mL bottles of travoprost ophthalmic solution (Travatan; Alcon, Fort Worth, Texas). The
bottle is inserted into a plastic “basket” within the device. Each time the patient presses the lever to release a drop of solution, the
TDA records the time and date of drop release. The TDA stores this information on a computer chip embedded in the base and
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exports the data via a wired hub and Windows-based software program.
Once retrieved, the computer program displays the drop data in either a calendar or log format. The calendar format displays the
selected month with the number of drops administered on a particular day either in blue, showing that the time and number of drops
administered were consistent with the recommended dose, or in red, showing that the administration of drops falls outside the
recommended parameters. Nonadherence could mean that either too few drops were administered or that the drops were administered
outside the recommended time frame. The drop log format displays the date, the number of drops administered, and the time they
were administered, and asterisks identify days of nonadherence. We downloaded data from the TDA at each visit.
The TDA allows only travoprost bottles. Therefore, if needed, we switched participants using a different prostaglandin analogue
(such as latanoprost or bimatoprost) to travoprost. Travoprost bottles, along with the electronic dose monitor, were provided free of
charge to subjects. At the enrollment visit, the study coordinators observed the participants administering the drops while using the
electronic dose monitor to ensure proper training in device usage66 and understanding of directions. The coordinators asked the
participants to administer their travoprost using the electronic dosing monitor according to their normal dosing schedule.
Participants brought their electronic dose monitor to the 1- and 3-month follow-up visits. During these visits, the research assistant
downloaded the information from the TDA, changed the battery if necessary, and confirmed that the participant was using the device
satisfactorily. A brief series of questions was administered to estimate self-reported adherence and satisfaction with the device.
The TDA has an accuracy of 93%67 but can underreport in some cases.67,68 Therefore, we created our own software to analyze the
data. Our computer programmer created a program using C programming language (C++) to analyze the TDA output and increase our
flexibility for measuring adherence. For example, the TDA identified days as “nonadherent” when drops were dispensed just after the
3-hour deadline. The C++ program allowed us to directly use the date and time stamp data to allow more flexible classifications. We
quantified adherence in three ways: Definition 1 was the proportion of days in which the patient used the appropriate number of drops
(eg, 2 drops for bilateral treatment) within 3 hours of the designated time. Definition 2 was the proportion of days in which any drop
was taken within 3 hours of the designated time. Definition 3 was the proportion of days in which any drop was taken within 6 hours
of the designated time. The C++ program determined the number of days the TDA recorded dosing within each of the three
definitions, and divided these days by the number of days in the study cycle. Thus, a participant who missed 9 days out of 90 days was
considered 90% compliant. As a patient-derived, subjective measure of adherence, we asked the participants to report the number of
days they missed taking their drop at the 3-month visit for the previous period of 3 months.
Observational Case Series Analysis: Construct Validity
All statistical analyses were performed using SPSS (v16.0; SPSS, Inc, Chicago, Illinois). We used the baseline GTCAT results to
determine construct validity. Construct validity refers to the degree to which the questions categorized into a construct (such as the
Health Belief Model constructs) actually measure the construct they are intended to measure. We used principal components analysis
with orthogonal Varimax rotation, which is a multivariate method of identifying trends and redundancies in data, while allowing all
loadings to vary freely to find the most efficient data reduction.69 This data reduction procedure begins by finding a linear combination
of variables (called a “component”) that explains as much variation as possible in the original variables. It then finds another
component that accounts for as much of the remaining variation as possible and is uncorrelated with the previous component,
continuing in this way until the program identifies as many components as necessary. The procedure may not load some variables into
a component, suggesting that they have little explanatory power. The subset of components usually accounts for a large proportion of
the variation of the data, and a researcher can use this subset in place of the full complement of original variables.
Another purpose of the principal component analysis was to determine the relationship between the GTCAT questions and what
they represent. This method of structure detection allows one to determine if the GTCAT questions load into a structure consistent
with the Health Belief Model; for example, questions investigating susceptibility load together into a component, questions regarding
barriers into a second component, and so on. This allows us to confirm construct validity of the GTCAT toward the theoretical
structure of the Health Belief Model. We examined both liberal (≥.40)70 and rigorous (>.65)71 cutoffs for factor loadings. We
estimated the internal consistency reliability using Cronbach’s α for level of agreement between questions within the same construct,
and used a Cronbach’s α greater than .70 as demonstrating internal consistency.72
Observational Case Series Analysis: Predictive Validity
We determined predictive validity using a three-stage linear regression model using standard model building techniques.73 The first
stage was to determine the demographic, socioeconomic, and medical factors at the enrollment visit associated with adherence. We
used the proportion of days in which any drop was taken within 6 hours of the designated time (Definition 3) as the dependent
variable, and used the following as independent variables: age, gender, ethnicity (white vs other), education (some college vs other),
amount paid out-of-pocket for prescription medications, baseline intraocular pressure in the right eye, baseline intraocular pressure in
the left eye, number of eye drops per day, visual field sensitivity in the better eye, and visual field sensitivity in the worse eye. We first
performed a univariate analysis, and then a multivariate linear regression using an automated forward stepwise (Wald) selection
procedure using only those variables from the univariate model with P≤.10. We used Definition 3 because it had a larger time window
of 6 hours and therefore was more flexible for adherence in comparison to Definition 1 and Definition 2 with 3-hour windows.
However, similar results were observed using Definition 1 and Definition 2 (data not shown).
The second stage was to determine the GTCAT questions associated with adherence. Similar to the previously described stage, we
used Definition 3 as the dependent variable and used the GTCAT questions as independent variables. We performed a univariate
linear regression analysis, followed by a stepwise multivariate linear regression selection procedure using only those GTCAT
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questions from the univariate model with P≤.10.
Finally, the third stage was to determine a final multivariate model from the combination of independent variables from the
multivariate results of the first and second stages of model building. This final model would determine the participant demographic,
socioeconomic, medical, and health belief factors most associated with adherence.
Observational Case Series Analysis: Test-Retest Reliability
A research assistant administered the GTCAT at the initial (Time 1) and 3-month (Time 2) visits to 27 participants from the crosssectional survey to determine the test-retest reliability of the 21 Likert scale questions. We used paired t tests to determine
repeatability of individual questions after confirming a normal distribution (P>.05, skewness and kurtosis) of the paired differences
between Time 1 and Time 2 scores. To further assess test-retest reliability, we determined the nonparametric correlation (Spearman’s
rho) of Time 1 and Time 2 scores. Finally, we created a summary score of Time 1 questions and Time 2 questions by simple addition
of the questions and used a Bland-Altman analysis74 to show outliers, fixed bias (difference between Time 1 and Time 2), and
proportional bias (increasing variability at higher summary scores).

RESULTS
FOCUS GROUP RESULTS
We conducted five focus groups with three to five participants per group and 20 total participants. Among the 20 focus group
participants, 70% (14 of 20) were female, ranging in age from 42 to 93 years (mean age, 71.3 ± 12.0 years). They provided 931
statements that related to adherence with glaucoma medications. The research assistants initially had 75% (698 of 931) agreement
in categorizing the statements into a Health Belief Model construct (к=.70), and 99% after adjudication. The investigators categorized
88.7% (826 of 931) of statements into one of the constructs of the Health Belief Model.
Barriers were the most commonly mentioned topic with regard to adherence (n=288 statements, as shown in Figure 1; 30.9% of all
statements), followed by cues-to-action (n=131; 14.1%), susceptibility (n=116; 12.5%), benefits (n=115; 12.4%), other reasons
(n=105; 11.3%), severity (n=91; 9.8%), and self-efficacy (n=85; 9.1%). The research assistants examined each focus group transcript
for unique statements about glaucoma. Figure 2 shows that the number of unique statements decreased from the first (63%, 96 of 150
unique statements) to the fifth focus group (8%, 25 of 312 unique statements). The fifth focus group had less than 10% of unique
statements, suggesting that the results are redundant and no further focus groups are needed.65 We measured distribution, defined as
the proportion of participants who mentioned a particular Health Belief Model construct. Distribution of responses was 100% (20 of
20) for barriers (all participants made at least one statement related to the construct), 95% (19 of 20) for cues-to-action, 90% (18 of
20) for self-efficacy, 85% (17 of 20) for benefits, 85% (17 of 20) for severity, 80% (18 of 20) for susceptibility, and 80% (18 of 20)
for other reasons.

FIGURE 1
Number of focus group statements related to glaucoma adherence for each construct of the Health Belief Model.
There were a total of 931 statements (n=20 participants). Table 1 describes the operational definitions for the
Health Belief Model constructs. Glaucoma Treatment Compliance Assessment Tool Study.
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FIGURE 2
Percentage of unique statements related to glaucoma adherence for each focus group from contextual analysis of
focus group transcripts (n=20 participants). The percentage of unique statements dropped to less than 10% of
statements during the 5th focus group indicating that the statements became redundant and no further focus groups
are needed. Glaucoma Treatment Compliance Assessment Tool Study..
The most common themes with regard to the barriers construct involved cost (“the drops are too expensive”), forgetfulness (“I
can’t tell you whether I took my drops”), and side effects (“it puts little cuts in the corner of your eye…very painful”). Statements
describing the most common cues-to-action themes dealt with the establishment of routines and reminders to take medications (“the
older you get, the more important it is to establish a routine”). Statements about severity revolved around a lack of symptoms (“with
no symptoms people don’t realize how severe their disease is”), whereas themes about susceptibility were expressed in statements
such as “Young people are at a very active stage of life and tend to say ‘…I don’t need those drops’.” Benefits themes included
statements about how well the drops work (“I stayed on them because [the doctors] liked the results”), whereas self-efficacy themes
involved bottle size (“if the bottles were a trifle bigger they’d be easier to handle”), and comorbidities that interfere with ability (“my
husband has arthritis and sometimes he finds it very hard to squeeze”). Some “other reasons” mentioned by the participants include
depression, provider-patient relationships, and continuing education about glaucoma.
OBSERVATIONAL CASE SERIES RESULTS
We enrolled 60 consecutive glaucoma patients into the 3-month observational case series. Two participants dropped out prior to the 1month visit: one did not tolerate travoprost, and the other could not operate the TDA. Therefore, we included 58 participants in the
analysis of construct validity and test-retest reliability. The TDA malfunctioned for one person. We also excluded this subject,
resulting in a cohort of 57 subjects for the analysis of adherence and predictive validity. The first column of Table 3 reports the
participant characteristics at the enrollment visit.
Observational Case Series: Construct Validity Results and Reliability
We excluded 3 GTCAT questions (out of 21) from the principal components analysis because of ceiling effects (≥90% of participants
selecting a 10 on the Likert scale). The principal component analysis resulted in the extraction of seven components containing all 18
questions and explaining 77% of the variance when using a less restrictive factor loading value of 0.40. When using a more restrictive
minimum factor loading of 0.65, only 14 questions loaded into these same seven components. We performed a reliability analysis for
this more restrictive criterion. Components 1 (Cronbach’s α=.83; composed of severity items), 2 (Cronbach’s α=.89; susceptibility
items), 3 (Cronbach’s α=.83; barrier items), and 4 (Cronbach’s α=.76; barrier items) showed acceptable internal consistency, whereas
components 5 (Cronbach’s α=.57; unidentified), 6 (Cronbach’s α=.63; knowledge items), and 7 (Cronbach’s α=.39; severity items)
showed poor reliability. Therefore, we identified three Health Belief Model constructs (severity, susceptibility, and barriers), as well
as one component representing knowledge; self-efficacy, cues to action, and benefits constructs were not represented in the seven
components extracted. Table 4 shows the results of the principal component analysis and suggests good construct validity for three
constructs of the Health Belief Model.
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TABLE 3. DEMOGRAPHIC, SOCIOECONOMIC, AND MEDICAL CHARACTERISTICS OF ALL
PARTICIPANTS, THE ADHERENT GROUP,* AND THE NONADHERENT GROUP AT THE
ENROLLMENT VISIT IN THE OBSERVATIONAL CASE SERIES STUDY. GLAUCOMA
TREATMENT COMPLIANCE ASSESSMENT TOOL STUDY
VARIABLE†
ALL
NONADHERENT
ADHERENT
PARTICIPANTS
GROUP‡
GROUP
(N=28)
(N=29)
(N=58)
Age, years
65.2 ± 14.9
69.4 ± 13.1
61.6 ± 15.6

.05

Female, %

56.9

57.1

55.2

.88

White primary ethnicity¶, %

79.3

89.3

69.0

.06

Some college or more, %

75.9

78.6

72.4

.59

P§
P

P

Medication cost out-of-pocket per year, $

601 ± 818

741 ± 933

488 ± 702

.30

Intraocular pressure (right eye), mm Hg

16.1 ± 5.5

15.1 ± 4.8

17.0 ± 6.0

.20

Intraocular pressure (left eye), mm Hg

16.4 ± 4.6

15.5 ± 3.1

17.2 ± 5.6

.17

3.3 ± 2.1

3.2 ± 1.5

3.4 ± 2.6

.77

Visual field mean deviation in better eye, dB

-3.5 ± 6.0

-4.0 ± 5.8

-3.6 ± 5.5

.78

Visual field mean deviation in worse eye, dB

-8.3 ± 8.7

-8.0 ± 7.1

-9.7 ± 9.5

.46

Number of eye drops per day

*Adherent persons were those that had 90% or more days in which any drop was taken within 6 hours of the designated time.
†Two (n=2) participants in the adherent group did not know whether they had insurance coverage for medication; 10 participants (5
from the adherent group and 5 from the nonadherent group) did not know their medication cost out-of-pocket; and 1 person in the
nonadherent group did not have intraocular pressure evaluated at the enrollment visit.
‡We excluded one participant from the nonadherent group, and the analysis comparing the nonadherent group to the adherent group,
because of a malfunction of the Travatan Dosing Aid (Alcon, Fort Worth, Texas).
§Comparison of the adherent and nonadherent groups using an independent-samples t test or chi-square test as applicable.
¶Ethnicity included white (n=46), African American (n=6), Asian (n=4), Hispanic/Latino (n=1), and other (n=1).
Observational Case Series: Test-Retest Reliability
Figure 3 illustrates the comparison of mean Time 1 (initial visit) and Time 2 (3-month visit) question scores for the 21 Likert scale
questions in the GTCAT (n=35 participants). It shows a significant nonparametric correlation for 19 questions, whereas 2 questions
(questions 18 and 26) did not have a significant correlation (P>.05). Bland-Altman plots showed large differences in responses
between Time 1 and Time 2 (not shown) for both question 18: “How much of your vision do you think can be lost from glaucoma?”
and question 26: “How much do you think further vision loss would change the quality of your life?” The analysis with paired t tests
between Time 1 and Time 2 scores showed the same results (not shown). Figure 4 shows a Bland-Altman plot for Time 1 and Time 2.
It shows a fixed bias defined as the mean (± SD) difference (Time 1 – Time 2) between scores of .41 (± 15.5) and no sign of
proportional bias with higher or lower scores. There were no outliers, which are defined as a difference in scores outside the 95%
confidence interval (dotted lines). Overall, test-retest reliability was 90.4% (19 of 21 questions) and suggests good test-retest
reliability.
Observational Case Series: Adherence
We defined adherence using self-report of adherence, and three objective definitions using the TDA device (Definition 1, Definition 2,
and Definition 3 as described in the “Methods” section). Over the approximate 90-day duration of the study, patients self-reported a
mean 2.4 ± 3.3 (range, 0-18) days without medication, with a self-reported adherence of 97.2 ± 3.9% (range, 81%-100%). Using TDA
as an objective measure, the proportions of days adherent by Definition 1, Definition 2, and Definition 3 were as follows: mean
71.7% ± 20.3% (range, 18%-100%), 81.3% ± 18.8% (range, 20%-100%), and 87.4% ± 13.6% (range, 36%-100%), respectively. Our
analysis subtracted the proportion of days in which any drop was taken within 6 hours of the designated time (Definition 3) from the
self-reported adherence to determine the difference between self-report and an objective measure of adherence. The difference
between self-report and objective measures was 9.3% ± 11.3% (range, -5.9% to 48%). Overall, this shows overestimation of selfreported adherence as well as poor adherence based on objective measures.
When we define adherence dichotomously as 90% of expected doses,26 91.2%, 21.1%, 42.1%, and 49.1% were adherent for selfreport, Definition 1, Definition 2, and Definition 3, respectively. Using Definition 3 with a 90% cut-off for “adherent,” Table 3 shows
adherent participants were more likely to be older (P=.05) and have white primary ethnicity (P=.06).
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TABLE 4. FACTOR LOADINGS AND CONSTRUCTS OF THE GTCAT QUESTIONNAIRE.
GLAUCOMA TREATMENT COMPLIANCE ASSESSMENT TOOL STUDY
COMPONENT

QUESTION

FACTOR
LOADING
*

1

Q21, How much vision would you say you have lost because of glaucoma?
Q27, How would you rate the level of your disease?
Q42, How likely do you think you are to become blind in 10 years if you do use
your eye drops?
Q41, How likely do you think you are to become blind in 10 years if you do not
use your eye drops?
Q40, How likely do you think you are to become blind in 5 years if you do not use
your eye drops?
Q29, How well do you think eye drops can control the negative progress of
glaucoma?
Q28, How likely do you think it is that you will develop other potentially blinding
eye diseases, such as macular degeneration, retinal detachment, etc.?
Q39, How easy to use are your eye drops?
Q30, How much difficulty do you have administering your eye drops?
Q34, What level of side effects do you experience when using your eye drops?
Q32, How much pain/discomfort do your eye drops cause you?
Q33, How likely is it that you think you will always use your eye drops every
night?
Q15, How would you rate your overall general health?
Q35, How would you rate the cost of your eye drops?
Q17, How would you rate your personal knowledge of the symptoms of
glaucoma?
Q16, How would you rate your personal knowledge of the risk factors for
glaucoma?†
Q26, How much do you think further vision loss would change the quality of your
life (in work, family, and social situations) as it is now?
Q18, How much of your vision do you think can be lost from glaucoma?

.86
.87
.48

Severity

.90

Susceptibility

2

3
4
5

6

7

CONSTRUCT

.77
.62
.41
.95
-.89
.86
.81
.83
.76
.58

Barriers
Barriers
Unidentified

.83
.74

Knowledge

.82

Severity

.80

*Bolded values represent factor loading with a more stringent cutoff of > 0.65. Regular font represents questions loading only with a
cutoff of .4.
†This question also loaded onto Component 1, but with a lower factor loading of .44. Therefore, we include this question with
Component 6.
Observational Case Series: Predictive Validity
To determine predictive validity, we used a three-stage model building procedure using univariate and multivariate linear regression.
The dependent variable for all three stages was the proportion of days in which any drop was taken within 6 hours of the designated
time (Definition 3 as a continuous variable). Table 5 shows the results of the first stage of model building using the demographic,
socioeconomic, and medical characteristics of the participants at the enrollment visit. The univariate analysis showed older age, white
primary ethnicity vs other ethnicity, and lower intraocular pressure in the left eye to be associated with adherence (all with a P≤.10).
The R2 was .27, suggesting that 27% of the variance in adherence could be explained by these three questions. The multivariate
analysis showed similar results as Table 3, with older age (P=.002) and white vs other primary ethnicity (P=.01) to be associated with
adherence.
Table 6 shows the results of the second stage of model building using the Health Belief Model questions as independent variables.
A univariate analysis found seven questions (with a P≤.10) to be associated with adherence and an R2 of .42. These seven questions
represent the Health Belief Model constructs of barriers (2 questions), self-efficacy (1 question), cues-to-action (2 questions), and
benefits (1 question). Knowledge of glaucoma was also represented as a question. The multivariate model showed that three Health
Belief Model questions and an R2 of .40 were significantly associated with adherence. These questions were (1) Personal knowledge
of risk factors for glaucoma; (2) I am likely to use the drops every night; and (3) What level of side effects do you experience with
your drops?
Table 7 shows the third stage of model building and indicates that the three Health Belief Model questions from Table 6 have the
strongest association with adherence when included in a multivariate model including age and primary ethnicity. It also shows only a
small (although not significant) improvement in the R2, from .40 to .44, when adding age and ethnicity to a model containing these
three Health Belief Model questions.
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Overall, the staged multivariate model building suggests that the predictive validity of the GTCAT is strong because several
Health Belief Model questions and constructs are associated with adherence. The R2 value of .40 suggests that 40% of the variability
in adherence can be explained by a subset of GTCAT questions. It also suggests that a shorter questionnaire with similar explanatory
power may be feasible in the future.

FIGURE 3
Mean Likert scores for the 21 Likert scale questions at Time 1 (initial visit) and Time 2 (3-month visit) in 35
participants with glaucoma or ocular hypertension. The asterisks(*) indicate that the Spearman’s rho shows
statistically significant nonparametric correlation (P≤.05) between Time 1 and Time 2 for all questions except Q18 and
Q26. Glaucoma Treatment Compliance Assessment Tool Study.

FIGURE 4
Bland-Altman analysis74 of the total score at Time 1 (initial visit) and Time 2 (3-month visit) in 35 participants with
glaucoma or ocular hypertension. We created a total score of the Glaucoma Treatment Compliance Assessment Tool
(GTCAT) at each time period by simple addition of the 21 Likert scale questions. It shows a fixed bias defined as the
mean (± SD) difference (Time 1 – Time 2) between scores of .41 (±15.5) and no sign of proportional bias with higher
or lower scores. No participant was an outlier as defined as a difference in scores outside the 95% confidence interval
(dotted lines). Glaucoma Treatment Compliance Assessment Tool Study.
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TABLE 5. UNIVARIATE AND MULTIVARIATE ASSOCIATIONS BETWEEN ADHERENCE AND
DEMOGRAPHIC, SOCIOECONOMIC, AND MEDICAL FACTORS AS PART OF THE OBSERVATIONAL
CASE SERIES. GLAUCOMA TREATMENT ASSESSMENT TOOL STUDY*
VARIABLE†

Age, years older

.002

Female vs male

-2.38

.52

…

…

White primary ethnicity vs other ethnicity

10.73

.01

14.22

.01

Some college or more vs less education

-1.19

.78

…

…

Cost out-of-pocket per year for prescriptions, per $ higher

.002

.32

…

…

Intraocular pressure (right eye), mm Hg

-.51

.13

…

…

Intraocular pressure (left eye), mm Hg

-.66

.10

-.031

.80

Number of eye drops per day

1.08

.21

…

…

Visual field mean deviation in better eye, dB

-.16

.63

…

…

Visual field mean deviation in worse eye, dB

-.12

.60

…

…

P‡

MULTIVARIATE
ANALYSIS
Β
.47

P§

UNIVARIATE
ANALYSIS
Β
.37

P

.002

*The only questions eligible for multivariate analysis were those questions with P≤.10 using univariate analysis. This analysis includes
n=57 participants, and excluded one participant because of a Travatan Dosing Aid (Alcon, Fort Worth, Texas) malfunction. Adherence
was defined as the proportion of days (from 0 to 100%) in which any drop was taken within 6 hours of the designated time. Data are
presented as unstandardized beta coefficients. R2 was .27 for the final multivariate model including age and ethnicity.
†Two (n=2) participants in the adherent group did not know whether they had insurance coverage for medication; 10 participants (5
from the adherent group and 5 from the nonadherent group) did not know their medication cost out-of-pocket; and 1 person in the
nonadherent group did not have intraocular pressure evaluated at the enrollment visit.
‡P value for univariate analysis for higher percentage of adherence (linear regression model).
§
P value for multivariate analysis for higher percentage of adherence (linear regression model with covariates eligible if univariate P ≤
.10).

TABLE 6. RESULTS OF UNIVARIATE AND MULTIVARIATE LINEAR REGRESSION BETWEEN HEALTH BELIEF
MODEL QUESTIONS AND ADHERENCE USING DATA FROM THE OBSERVATIONAL CASE SERIES. GLAUCOMA
TREATMENT ASSESSMENT TOOL STUDY*
HEALTH BELIEF QUESTIONS†
Question 16: Personal knowledge of risk factors for
glaucoma
Question 29: How well do drops control glaucoma?
Question 32a: I forget to use the drops
Question 32c: The drops aren’t with me when it is time to
take them.
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UNIVARIATE
ANALYSIS
Β
-1.26

P§

.06

MULTIVARIATE
ANALYSIS
Β
-1.15

.04

2.56

.10

1.07

.44

-9.16

.01

-4.62

.18

-12.19

.007

-6.26

.22

P‡

P
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TABLE 6 CONTINUED
HEALTH BELIEF QUESTIONS†
Question 32d: How much pain or discomfort do your eye
drops cause you?
Question 33: I am likely to use the drops every night.
Question 34: What level of side effects do you experience
with your drops?

UNIVARIATE
ANALYSIS
Β
-2.21

P§

.02

MULTIVARIATE
ANALYSIS
Β
9.59

.16

5.66

.001

5.61

<.001

-2.95

.001

-2.53

.001

P‡

P

*This table includes only those questions with P ≤ .10 using univariate analysis. This analysis includes n=57 participants and
excluded one participant because of a Travatan Dosing Aid malfunction. Adherence was defined as the proportion of days (from 0 to
100%) in which any drop was taken within 6 hours of the designated time. Beta (β) coefficients are presented as unstandardized. R2
was .40 for the multivariate model including only questions 16, 33, and 34 in bold.
†We excluded 3 questions because of ceiling effects (≥90% listing “10” on the Likert scale) from analysis. These were: (1) How
much do you agree with your doctor’s diagnosis of glaucoma?; (2) How important is it to maintain your current level of eyesight in
your better-seeing eye?; and (3) How important is it to maintain your current level of eyesight in your worse-seeing eye?.
‡P value for univariate analysis for higher percentage of adherence (linear regression model).
§
P value for multivariate analysis for higher percentage of adherence.
TABLE 7: FINAL MULTIVARIATE LINEAR REGRESSION MODEL OF THE GTCAT QUESTIONS.
GLAUCOMA TREATMENT ASSESSMENT TOOL STUDY*
GLAUCOMA TREATMENT COMPLIANCE ASSESSMENT TOOL QUESTIONS
MULTIVARIATE
ANALYSIS
β
Question 16: Personal knowledge of risk factors for glaucoma
-1.16

.03

Question 33: I am likely to use the drops every night.

4.08

.01

-1.96

.02

.18

.11

4.89

.20

Question 34: What level of side effects to you experience with your drops?
Age, years older
White primary ethnicity vs other ethnicity

P†
P

*Table includes only variables that were significant at a P ≤ .05 in the multivariate linear regression model from first stage
(demographic, socioeconomic, and medical factors) and second stage (Health Belief Model questions) of model building. This analysis
includes n=57 participants, and excluded one participant because of a Travatan Dosing Aid (Alcon, Fort Worth, Texas) malfunction.
Adherence was defined as the proportion of days (from 0 to 100%) in which any drop was taken within 6 hours of the designated time.
Beta coefficients are presented as unstandardized. R2 was .44 for the full multivariate model including all variables below, and .40 for
the reduced model including only those questions significant at P value ≤ .05 (questions 16, 33, and 34 in bold).
†P value for multivariate analysis for higher percentage of adherence.

DISCUSSION
Our study used focus groups and an observational case series to evaluate the psychometrics of the GTCAT. The focus group
component demonstrated that the content validity was high, with 89% of responses fitting a construct of the Health Belief Model. The
principal component analysis showed an organizing structure consistent with the Health Belief Model. Regression models with
adherence as the outcome of interest and GTCAT questions as explanatory variables showed predictive validity. Finally, the
repeatability of the GTCAT questionnaire was excellent. Overall, this suggests that the Health Belief Model may represent the
organizing structure for glaucoma adherence; that the GTCAT may be a survey tool to determine the factors related to adherence with
glaucoma medications in individual glaucoma patients; and that one could use the GTCAT to measure the effect of interventions to
improve glaucoma adherence.
Our study found that patients underestimated their adherence when we compared self-report to the objective measures of
adherence. This is similar to findings in previous studies.10,68,75 We also show that older participants and those of white ethnicity were
more likely to be adherent. The increased adherence in those of white ethnicity as compared to other ethnicities was also found by
Okeke and associates.76
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Previous studies examining glaucoma adherence have not used the Health Belief Model as organizing framework for
understanding and characterizing compliance. However, their results suggest that the Health Belief Model may be applicable to their
results. Lacey and associates28 demonstrated adherence to be associated with fear of blindness, forgetfulness, difficulty with drop
application, and age; Friedman and associates29 found adherence to be associated with patient education, risk of vision loss, cost,
traveling, side effects, and demographic factors. Using the Health Belief Model, one could organize these results into demographic
factors and the Health Belief Model constructs of perceived susceptibility, barriers, and self-efficacy. Tsai and coworkers9 reported the
first systematic classifications of barriers to adherence with glaucoma medications. They used a structured interview of glaucoma
patients, and experts categorized responses based on their similarity. They demonstrated regimen factors, patient factors, provider
factors, and situational/environmental factors. When using the Health Belief Model as an organizing framework, the responses of the
Tsai study could be explained as the constructs of barriers, self-efficacy, cues-to-action, and benefits. Sleath and coworkers77
developed a questionnaire based on self-efficacy. Overall, the findings of these previous studies are similar to ours and can be
reasonably interpreted within the structure of the Health Belief Model.
Health literacy and doctor-patient communication may also influence adherence in glaucoma treatment. Several publications
highlight the importance of health literacy to glaucoma adherence.30,31,78 They show that poor educational attainment and poor
knowledge of glaucoma decreased adherence with glaucoma medications. Gelb and associates79 found lower adherence with certain
physician beliefs (“reactives” and “skeptics”), low patient education, low risk of vision loss, higher costs of medications, longer travel
distance, increased side effects, and patient age <50 years or ≥80 years. Friedman and associates29 showed that the doctor-patient
communication can be related to adherence. Overall, these studies suggest that educating patients and the style of communication may
be important methods to improve adherence.
Our results also suggest that modifications of the current GTCAT may improve its performance and feasibility. A new version of
the GTCAT (available from the principal author on request) includes a 5-point Likert scale, rather than a 10-point scale,80 and the
same response scale for each item. We also added questions regarding patient-provider relationships, education level, and depression.
These topics were mentioned during the focus groups, and previous studies have shown them to be associated with adherence.29,81,82
Hopefully, these modifications will improve the R2 beyond the results of the current study (0.40 with GTCAT questions only). The
GTCAT questionnaire required a mean of 18 minutes to administer, which is too long in busy clinical settings. Ceiling effects,
principal component analysis, and regression analysis suggest that a shorter questionnaire may be possible. Finally, a future goal will
be to compare the results of self-administered vs interviewer-administered GTCAT.
HOW DO YOU ADDRESS ADHERENCE WITH YOUR GLAUCOMA PATIENTS?
Some researchers consider poor adherence as a condition in itself, requiring constant vigilance, reinforcement, and cooperation
between the clinician and patient. Studies have shown that multimode interventions are more effective than a single type of
intervention for improving adherence for a group of patients.83 While this may be true, eye care providers do not have a valid method
of determining the factors related to adherence in their patients. For example, patients who frequently miss their eyes during
administration of the drops may become frustrated, both at the waste of a costly medication and with their own ability to perform the
task. A clinician who knows this in advance can demonstrate different ways of administering the drops. Future versions of the
GTCAT should facilitate this assessment.
Without a questionnaire, the clinician must address adherence on an individual basis. The first step is to have a good rapport with
your patient. The second step is to ask about adherence using open questions in a “safe” environment. For example, “It can be hard to
use your eye drops. How often do you think you miss them?” These types of statements will give a basic starting point for addressing
adherence. As stated previously, patients will overestimate their adherence and may not admit to difficulty.
Measuring, educating, reinforcing, and treating adherence with glaucoma medications may create time constraints, especially when
declining reimbursements require providers to examine more patients. Perhaps eye care providers would incorporate methods of
measuring and improving adherence if third-party payers provided incentives similar to those given to providers to encourage patients
to stop smoking or as part of a Physician Quality Reporting Initiative. This is not likely to occur until studies document the short- and
long-term success of interventions to improve adherence.

LIMITATIONS
The current report suggests excellent psychometric properties of the GTCAT. However, we recruited participants from a single,
tertiary care glaucoma center. Results in other clinic populations may be different. We included only approximately 80 participants
as part of the focus and observational case series. However, our results suggest that the sample size was adequate because the focus
group contextual analysis became redundant, and the principal component analysis was able to converge into seven components. We
used principal component analysis to test whether the underlying structure of responses will support the Health Belief Model, but
principal component analysis can be subjective with different results for different cutoffs of factor loading. We used a conservative
and more stringent cutoff for factor loadings with similar convergence into seven components. Alternative methods (eg, Rasch
analysis) will be applied in the future to development of the instrument and to ensure that the scales are unidimensional. Additionally,
a multicenter study including larger sample size would provide further evidence regarding the reliability of the questionnaire with
wider, more diverse participants. Finally, we provided medications free of charge to participants, and although our study used an
electronic dosing monitor to obtain an objective measure of adherence, our patients knew that their medication use was being
monitored. Therefore, it is possible that our adherence results are biased toward higher adherence.
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CONCLUSION
In this initial demonstration, the GTCAT showed promise as a tool for researchers. With additional development, the GTCAT may
have utility for eye care providers. One future goal is to create an instrument to determine the most likely factors related to adherence
in individual patients, which offers the opportunity to create a tailored educational approach. For example, a patient who frequently
misses his or her eyes during administration of drops may become frustrated. An eye care provider who knows this in advance can
demonstrate different ways of getting the drops into the eye. Likewise, for a patient whose primary reason for failing to use the drops
is one of forgetfulness, a clinician can address the development of external reminders. Further studies should examine the ability of
the GTCAT to identify and treat factors related to poor adherence.
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