
Randomized controlled trial of an education-based intervention 
to improve medication adherence: Design considerations in the 
medication adherence in glaucoma to improve care study

Jullia A Rosdahl1, Aaron M Hein2, Hayden B Bosworth2,3,4, Sandra Woolson4, Maren 
Olsen4, Miriam Kirshner4, Anna Hung4, Kelly W Muir1,4

1Department of Ophthalmology, Duke University School of Medicine, Durham, NC, USA

2Department of Medicine, Duke University School of Medicine, Durham, NC, USA

3Department of Population Health Sciences, Duke University School of Medicine, Durham, NC, 
USA

4Durham Center of Innovation to Accelerate Discovery and Practice Transformation, Durham 
Veterans Affairs Health Care System, Durham, NC, USA

Abstract

Background: Glaucoma treatment requires patients to follow daily, often times complex, eye 

drop regimens, but adherence is poor for many patients, putting them at risk for irreversible vision 

loss. A comprehensive approach is needed to address the challenges in the self-management of 

glaucoma. The purpose of this study is to improve glaucoma medication adherence in Veterans 

with medically treated glaucoma using an education-based intervention.

Methods/design: This study is a single-site randomized controlled trial enrolling 200 Veterans 

and their companions, if companions are involved in their care. It has two arms: an intervention 

group and a control group. Participants in the intervention group receive an educational session 

with a non-physician interventionist and are provided with an AdhereTech smart bottle with the 

reminder functions activated. The control group is designed as an attention control such that they 

have a session on general eye health and are provided with a smart bottle but without the reminder 

functions activated. The primary outcome is the proportion of prescribed doses taken on schedule 

over 6 months following randomization according to the smart bottle. Secondary outcomes include 

intensification of glaucoma treatment, cost of intervention delivery, and cost-effectiveness of the 

intervention over 12 months.

Discussion: The education-based intervention that we are testing is comprehensive in scope, to 

encompass a variety of barriers to adherence that glaucoma patients encounter, but personalized 
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to address issues facing individual patients. Particular attention was given to feasibility in the 

real-world setting, as the high throughput of patients and lack of reimbursement for educational 

encounters in ophthalmology would limit implementation of a resource-intensive intervention.
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Background

Glaucoma is the leading cause of irreversible blindness worldwide and the second leading 

cause in the United States.1,2 While there is no cure for glaucoma, treatments that 

lower intraocular pressure (IOP) have been shown to reduce the risk of vision loss 

from glaucoma.3–6 While laser and surgical treatment options are available, topical eye 

drop medications are the most common treatments for glaucoma,3,7 given their relatively 

favorable safety and efficacy profile.8

Glaucoma medication regimens can be complex, particularly in patients with advanced or 

progressive disease. Patients with advanced disease may also be at risk of vision loss due 

to IOP fluctuations. In order to avoid IOP fluctuations, glaucoma medications must be 

taken at a regular time each day, possibly multiple times per day, depending on the specific 

medication.

Glaucoma is a chronic, asymptomatic disease and even when effective at reducing long-term 

disease progression, medical therapy does not provide noticeable benefit to patients. Most 

patients who are prescribed glaucoma medications are expected to continue taking these 

medications throughout their lifetime. Given these challenges, it is not surprising that 

adherence to glaucoma medications is poor, ranging from 10% to 83%,9–12 putting patients 

at risk of permanent vision loss. Adherence requires multiple steps, including filling the 

prescription, using the medication at the right time, instilling the drop onto the eye, and 

completing these steps every day.

There are many situations that contribute to poor adherence to glaucoma medications, 

including the complexity of the medication regimen, situational/environmental factors, 

factors related to healthcare delivery, and factors related to the patient, including physical 

limitations.13 Patients who have a poor understanding of glaucomatous vision loss are less 

likely to be adherent to the prescribed treatment regimen.14 Education about glaucoma 

may improve adherence, particularly for patients with low health literacy15 but may not be 

sufficient for many patients facing other barriers to adherence. Mnemonic aids have been 

shown to help patients remember to take medications as directed;16 however, most patients, 

even experienced eye drop users, have difficulty correctly administering their eye drops 

when observed.17 A comprehensive approach to improving adherence is needed to address 

the challenges in the self-management of glaucoma.

The approach that we have used is based on the Health Decision Model. This model contains 

elements of the Health Belief Model and Social Cognitive Theory which purports that 

adherence is dependent on experiences and preferences of the patient, social interactions, 
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knowledge, attitudes, and beliefs.18 Our approach includes an educational component, a 

personalized component (based on self-reported adherence and self-efficacy surveys), as 

well as mnemonic aids and targeted drop-instillation education.

The design of a trial to test an intervention to improve glaucoma medication adherence 

presented several challenges. Adherence to the prescribed eye drop regimen cannot be 

measured in the same way as adherence to pills. Glaucoma can lead to blindness but the 

course is long and asymptomatic until the late stages, making detection of progression 

within a reasonable study window challenging. These are among the study design challenges 

that we discuss in detail in this article.

Trial methods overview

This study is a single-site randomized controlled trial and its purpose is to improve 

glaucoma medication adherence in Veterans with medically treated glaucoma. This trial 

is funded by the US Department of Veterans Affairs (VA) Health Services Research and 

Development Service (IIR 15–113; clinicaltrials.gov registration # NCT03052257). It is 

being conducted under the approval of the Institutional Review Board of the Durham VA 

Medical Center. Participant accrual is complete and study activities are on-going.

This study took place at the Eye Clinic of the Durham VA Medical Center which serves as a 

referral center for North Carolina, southern Virginia, West Virginia, northern South Carolina, 

and eastern Tennessee. This study has enrolled 200 Veterans and their companions (family 

or friend), if available.

Study design considerations

Prior studies of educational interventions to improve glaucoma medication adherence 

have either excluded potential participants who do not administer their own drops or not 

incorporated companions who are involved in the participant’s glaucoma care.19 Interviews 

of patients with glaucoma, however, indicate that approximately 20% of glaucoma patients 

have a companion helping in their glaucoma care.20,21 Accordingly, we decided to 

encourage companions to participate in the study if the companion helped administer drops 

or helped the participant remember to take his or her drops. As this was a novel aspect in this 

study design, we stratified randomization based on companion status.

Summary of intervention

This is a two-armed study with an intervention group and an attention control group. 

The intervention was developed in an iterative process with feedback from Veterans with 

glaucoma as part of a preliminary study. Subsequently, the intervention was pilot-tested 

and further refined to improve feasibility. The intervention (Table 1) is provided by an 

interventionist who is a non-physician health care worker. Participants in the intervention 

group receive an educational session and are provided with a smart bottle with the reminder 

function activated. The reminder function alerts the participant via audible alert, visible 

flash, text message, or a call to a landline (depending on the participant’s preference), if the 

bottle has not been opened to access the medication within 2 h of the prescribed dosing time.
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The control group was designed as an attention control such that the participants in the 

control group have a session with the interventionist that includes a slide presentation on 

general eye health that is similar in length to the intervention visit; they are also provided 

with a smart bottle but without the reminder function activated. The smart bottle records the 

date and time of opening of the bottle for participants in both groups.

Study design considerations

The development and pilot-testing of the intervention were performed by a physician in the 

role of the interventionist. In regular clinical care, however, patient education is usually 

performed to a greater extent by an ophthalmic technician. We decided that using an 

ophthalmic technician in the role of interventionist would facilitate implementation of the 

intervention should the trial be successful.

We considered the potential benefits of a staged intervention, or booster interventions, 

following the initial educational session with the ophthalmic technician. Unlike diabetes 

teaching, nutrition, and other behavioral counseling for chronic disease, glaucoma education 

is not a billable service and we expected that the intervention would not be easily adopted 

in practice if it required repeated time commitments from the ophthalmic technician. 

Accordingly, our educational intervention is delivered at a single time point. In pilot work, 

the intervention took approximately 45 min. During the clinical trial, the length of the 

intervention was recorded to aid in cost-counting.

The study design includes an active control to minimize the potential confounding variable 

of time with the study staff as a factor influencing medication adherence. The participants 

in the control group may have improved adherence due to general eye health education. If 

that is the case, then such improvement would bias the findings toward a null hypothesis. As 

such, if participants in the intervention group demonstrate better adherence than participants 

in the control arm, we would have enhanced confidence in the effect of the intervention.

Study population, recruitment, and randomization

Potential study participants were identified by a data pull of Veterans with upcoming 

appointments at the Durham VA Eye Clinic who met the inclusion/exclusion criteria (based 

on ICD10 codes, pharmacy records, lack of recent intraocular surgery, Table 2). Potential 

participants with confirmed eligibility were mailed a letter with information about the study 

and a phone number with the option to call to opt out of further contact regarding the study. 

Veterans who were mailed a letter and did not opt out were called by the study coordinator 

to discuss potential study participation. If the Veteran was interested, screening questions 

were asked to identify potential participants who were likely to be poorly adherent to their 

glaucoma medications. In a preliminary study, responses to the screening questions were 

associated with glaucoma medication adherence.22 The screening questions were (1) “How 

confident are you that you always remember to use your glaucoma medications?” with 

answer choices: not at all confident, somewhat confident, and very confident; (2) “In the 

past 4 weeks, did you ever forget to take your medicine?” If the Veteran answered “not 

at all confident” or “somewhat confident” to question 1 and “yes” to question 2, and was 

interested in participating in the study, then the Veteran was asked to arrive 1.5 h before their 
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scheduled appointment for the enrollment visit. If the Veteran had assistance in managing 

his or her glaucoma treatment from a companion, the companion was also encouraged to 

attend the enrollment visit.

At the enrollment visit, written informed consent was obtained and baseline surveys were 

administered (Table 3). All participants were provided with a smart bottle to house their 

glaucoma medication; if the participant was taking more than one glaucoma medication, the 

most frequently dosed medication was chosen for assessment. The smart bottle records the 

date and time that it is opened. For participants in the intervention arm only, the reminder 

function was activated.

Following baseline data collection, the participants were randomized in a 1:1 allocation to 

either the intervention or control group. Neither the participant nor study team was masked 

to randomization status.

Study design considerations

We sought to maximize recruitment and retention by limiting travel to the VA for 

participants. Mailing a letter offering the potential participant the opportunity to opt out and 

performing the screening questions over the phone helped to achieve this goal. In working 

with a study population with a high prevalence of visual impairment, it was important 

to consider screening tools that did not depend on vision-based tasks such as a visual 

analog scale for reporting medication adherence. In addition, study visits are scheduled to 

coordinate with the participants’ scheduled clinical visits at the Durham VA.

Many studies of glaucoma medication adherence limit participants to those who are 

prescribed only one medication. We chose to include a wider spectrum of patients but 

stratified randomization based on once daily or more-than-once daily dosing, as evidence 

suggests that adherence is worse for complex regimens.23

Outcomes measured

The primary outcome is the proportion of prescribed doses taken on time from the date 

of randomization through 6 months according to the smart bottle; the primary outcome is 

derived as a ratio of the number of times the bottle was opened within the appropriate dosing 

window to the required number of doses prescribed. The acceptable dosing window for a 

once daily dosed medication is defined as ±5 h, for a twice-a-day dosed drug is ±3 h, and 

for a 3-times-a-day dosed drug is ±1 h. These periods of time were chosen based on the 

half-lives of the most commonly prescribed glaucoma medications. The active window for 

potential dosing is 24 h after the first dose is taken regardless of the time of day; that is, 

the clock resets 24 h after the first dose, not at midnight or another arbitrary hour, in order 

to accurately describe medication events for participants who may take their medications 

late in the evening. A dose taken more than 24 h after the first dose, however, will not be 

counted as taken within the acceptable window. To further evaluate patterns of adherence 

over time, we will investigate the proportion of prescribed doses taken during each 30-day 

interval following randomization.
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The first secondary outcome is the proportion of Veterans in the intervention group 

compared to the control group that are prescribed more intensive glaucoma therapy, defined 

as addition of adjuvant glaucoma medication or recommendation for laser or glaucoma 

surgery in the 12 months following randomization. Intensification of therapy was chosen 

as an outcome as it represents the treating physician’s assessment that the glaucoma is 

not adequately controlled. The other secondary outcome relates to the labor and non-labor 

cost of intervention delivery, health care costs, and cost-effectiveness. Costs of intervention 

delivery captured in each arm include labor costs for one-time training of the interventionist, 

labor costs to deliver the adherence intervention, and non-labor costs of the smart bottles 

and eye drop aids provided to patients. Patient (and caregiver) costs to attend one-on-one 

sessions are also captured. Healthcare costs for inpatient and outpatient glaucoma-related 

VA services and medications will be obtained from VA administrative data sets. In the 

base-case cost-effectiveness analysis, the main incremental cost-effectiveness ratio will be 

calculated in terms of cost per percentage improvement in medication adherence.

Study design considerations

Adherence outcomes can be measured in several ways, including proportion of prescribed 

doses taken or proportion of doses taken on time. If the latter is chosen, the window of 

accessibility for dosing can vary. Because the patients in our study are cared for by multiple 

doctors, what they were told regarding the exact timing of the dosing will vary (twice daily 

versus every 12 h, for example). On one hand, taking a dose well outside the window of 

activity for the drug is unlikely to be clinically useful, but on the other hand, a patient 

might be following instructions properly but not taking the medication at the exact same 

time every day. To include these considerations, we chose to use the proportion of prescribed 

doses taken on time as the primary outcome, but allow the acceptable dosing windows to be 

generous enough to account for practice variation. The windows that we have chosen are ±5 

h for a once daily dosed drug, ±3 h for a twice daily dosed drug, and ±1 h for a three times 

daily dosed drug.

Many patients are also on multiple glaucoma medications; to simplify the data collection 

while still capturing potential lapses in adherence, we elected to measure the adherence to 

the most frequently dosed medication. We chose this strategy over only enrolling patients 

receiving monotherapy, as such a limitation might skew the study population to those 

with mild disease. Using multiple smart bottles to measure adherence for every glaucoma 

medication for every participant was cost-prohibitive.

We considered several potential secondary outcomes in the design of the study, in particular, 

visual field progression and intraocular pressure. As confirmed visual field progression often 

takes years to manifest in a population with mixed disease severity, it was not a feasible 

primary outcome for this study. We sought a surrogate measure of disease worsening that 

would be clinically relevant but measureable within a 12-month timeframe. If a physician 

deems that the patient’s glaucoma is progressing, he or she is likely to escalate therapy by 

adding a medication, performing a laser procedure or glaucoma surgery. Accordingly, we 

developed a composite measure including any of these three escalations and labeled it as 

intensification of therapy.
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Analyses

Primary outcome

The primary hypothesis is to test if there is a significant difference between the intervention 

and control groups in the mean proportion of prescribed doses taken, defined as described 

above. We assumed that the mean is normally distributed and set the type-I error rate at α 
= 0.05 and the type-II error rate at β = 0.20, representing power at 80% to detect significant 

differences. The estimated standard deviation from the preliminary work22 of mean percent 

adherence is 23.5. To detect a mean difference of 10% between groups, we need 90 patients 

per arm. Inflating the sample size to account for 10% attrition, we planned to enroll and 

randomize n = 200 patients. We anticipate approximately 20% of these patients will have 

a companion enrolled as well. Descriptive statistics will be used to summarize the study 

variables; a sensitivity analysis will be considered if any baseline imbalance is found, to 

ensure any observed effect is due to the intervention and not to a baseline imbalance. 

Primary and secondary outcomes in the intervention group will be compared to the control 

group on an intent-to-treat basis; that is, patients will be analyzed as part of the group to 

which they were assigned, regardless of intervention adherence.

We will use a general linear regression model to test for a between-group difference in 

mean proportion of prescribed doses over 6 months. The coefficients in this model will 

include an indicator variable for intervention group and centered stratification variables as 

recommended in the Committee for Proprietary Medicinal Products (CPMP) guidelines.24 

We will use additional linear regression models to test for a between-group difference 

adjusting for the stratification variables, once versus multiple times per day dosing and 

companion status, as well for race, as some evidence in the literature suggests that 

African American race is a risk factor for poor adherence.25 We will formally evaluate 

the intervention effect by testing that the intervention group indicator differs from zero 

and reports the mean difference and corresponding 95% confidence interval (CI). A mean 

difference significantly greater than 0 provides evidence that intervention group patients 

have a greater mean proportion of prescribed doses taken.

In addition to the preceding model, as a secondary analysis, mean adherence will also 

be separated into six 30-day intervals and incorporated into a longitudinal model. This 

will allow us to understand trends of adherence over the course of the 6-month follow-up 

period (e.g. initial improvements following the intervention followed by stability or decline). 

Non-linearity of these changes over time can be evaluated and contrasted between groups 

using SAS PROC MIXED. The richness of this adherence data will also enable us to explore 

particular patterns of nonadherence often associated with clinical progression of disease. For 

example, in exploratory analyses, we will examine whether intensification of therapy may 

be associated with running out of drops before the next available refill and missing the last 

week of dosing each month versus rationing drops such that drops are used only every 2–3 

days.
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Secondary outcomes

We will use logistic regression to test for between-group difference in our secondary 

outcome of rates of intensification of glaucoma therapy at the 12-month follow-up. We will 

formally evaluate the intervention effect by testing that the intervention group coefficient 

differs from zero and reports the difference in proportions and 95% CI of the difference.

Finally, costs of delivering the intervention to each patient in each arm will be calculated. 

Total costs for VA health care utilization will be estimated using a generalized linear 

regression model using a similar specification as noted above. Estimation of the incremental 

cost-effectiveness ratio of cost per medication adherence will be based on cost and 

improvement in medication adherence during the study period. We will use second-order 

Monte Carlo simulation to incorporate probabilistic sensitivity analysis into the base-case 

estimates and to estimate confidence intervals of the incremental cost-effectiveness ratios. 

We will also conduct extensive parameter and model sensitivity analyses to assess the 

robustness of the base-case results. In addition, we will conduct subgroup analyses to see if 

there are differences in cost-effectiveness based on companion status and how many times 

per day the medications are dosed.

Discussion

The Medication Adherence In Glaucoma To Improve Care (MAGIC) study is a randomized 

controlled trial to test the efficacy of a comprehensive education-based intervention to 

improve medication adherence in glaucoma patients. The intervention was developed with 

input from Veterans and is based on a validated health behavior model. It is comprehensive 

in scope, to encompass the variety of barriers to adherence that glaucoma patients encounter, 

but personalized to address issues facing individual patients. The intervention has also been 

designed to be feasible for implementation in non-research clinical eye clinics, with the 

use of an ophthalmic technician leading the intervention, easily accessible assessments, 

brochures, and video, and a commercially available medication monitor. We hope that the 

design considerations that we discussed will help other investigators developing studies in 

this important area.

The medication monitor used in this study is novel in that it alerts users to missed doses 

only rather than issuing an automated reminder at a set time each day. The understanding 

of the importance of fluctuation in intraocular pressure in progression of glaucoma is still 

evolving, but there is evidence that wide fluctuations in pressure may be deleterious, at 

least in advanced disease.6,26 If improved timing of the dosing regimen leads to better 

visual outcomes, mnemonic aids such as this device may be useful to many glaucoma 

patients. Glaucoma is not the only ophthalmic condition for which patients must take regular 

medication. Patients with uveitis often need daily eye drops and patients with macular 

degeneration may be prescribed a particular vitamin regimen. We hope that the intervention 

utilized in this clinical trial, if successful, may be beneficial to patients with a spectrum of 

ophthalmic disease.
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