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Abstract

Objective—To assess the efficacy of the Support, Educate, Empower (SEE) glaucoma coaching 

program on medication adherence among glaucoma patients with low adherence.

Design—Uncontrolled intervention study with a pre-post design.

Participants—Glaucoma patients ≥ age 40, taking ≥1 medication, who self-reported poor 

adherence were recruited from the University of Michigan Kellogg Eye Center. Adherence was 

monitored electronically for a 3-month baseline period; participants with median adherence ≤80% 

were enrolled in the SEE Program.

Methods—Participants’ adherence was monitored electronically (AdhereTech, New York, NY) 

during the 7-month program. Adherence was calculated as the percentage of doses taken on time 

out of those prescribed. The SEE Program included 1) automated medication reminders; 2) 3 in-

person counseling sessions with a glaucoma coach who had training in motivational interviewing 

(MI); and 3) 5 phone calls with the same coach for between-session support. The coach used a 

web-based tool to generate an education plan tailored to the patient’s glaucoma diagnosis, test 

results, and ophthalmologist’s recommendations (www.glaucomaeyeguide.org). The tool guided 

an Ml-based conversation between coach and patient to identify barriers to adherence and possible 

solutions. Descriptive statistics were used to summarize baseline patient characteristics, and 

differences between those who did and did not complete the SEE Program were tested with 2-
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sample t-, chi-square, and Fisher exact tests. Adherence was compared before and after the SEE 

Program with paired t-tests.

Main Outcome Measure—Change in electronically monitored medication adherence.

Results—A total of 48 participants were enrolled. The participants were 54% male, 46% white, 

on average 64 years old (standard deviation, SD=10.8), with an average worse eye mean deviation 

(MD) of −7.9 dB (SD=8.8). Those completing the SEE Program (n=39) did not differ significantly 

from those who dropped out (n=9) on sex, race, age, MD, or baseline adherence. Medication 

adherence improved from 59.9% at baseline to 81.3% (p<0.0001) after completing the SEE 

Program. 95% of participants showed an improvement in adherence (mean relative 

improvement=21.4%, SD=16.5%, range=−3.2% to 74.4%, median=20.1%). 59.0% of participants 

had adherence >80% upon completing the SEE Program.

Conclusions—SEE Program participants had a clinically meaningful, statistically significant 

improvement in glaucoma medication adherence.

Despite the availability of effective treatments, glaucoma causes more people to become 

irreversibly blind than any other disease worldwide, especially among socially and 

economically disadvantaged groups.1,2 One major contributor is that roughly 80% of adults 

with glaucoma do not take their medications as prescribed.3–5 African Americans and 

people with lower socioeconomic status are more likely to experience poor medication 

adherence and resulting adverse vision outcomes.5–7 Poor medication adherence is related to 

greater vision loss from glaucoma.8–10 There are many reasons for poor adherence, 

including inadequate skills, (e.g., difficulty with eye drop instillation), medication cost, 

psycho-social issues (e.g., skepticism that an asymptomatic disease will lead to blindness, 

lack of trust in health care providers), and others.6,11–14 Under current practice guidelines, 

physicians are expected to provide participant counseling but are hard pressed for adequate 

time, limiting the ability to adequately address medication adherence.8

A recent Cochrane Review of medication adherence interventions found that, overall, 

interventions were not successful.15 However, programs that were successful across a wide 

variety of chronic diseases were those that included: 1) evidence-based and theory-based 

interventions; 2) tailored education; 3) motivational interviewing (Ml)-based counseling; and 

4) reminder systems.16 Software to tailor education generates unique informational and 

support messages based on a participant’s survey responses, medical record data (e.g. visual 

field indices), and socio-demographic characteristics.17 Ml engages participants by 

discussing personal priorities and obstacles and builds autonomous motivation by linking 

change to personal value and meaning.18 As an example of the efficacy of Ml, when health 

care workers trained in Ml-delivered tailored education and counseling to participants with 

diabetes, participants improved their glycemic control at a level similar to what would have 

been attained by adding an additional oral medication to the treatment regimen.19 Building 

on this success in other chronic conditions, we developed a training program for ophthalmic 

technicians and health educators to learn glaucoma-specific MI counseling approaches. In 

our pilot study of this training program, participant satisfaction with staff communication 

significantly increased among staff with better MI skills compared to those with worse MI 

skills.19

Newman-Casey et al. Page 2

Ophthalmol Glaucoma. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The Support, Educate, Empower (SEE) Program combines 1) successful evidence- based 

behavior change approaches; 2) an eHealth tool to deliver personalized education (e.g. based 

on each person’s diagnosis, test results, physician’s recommendations); 3) a coach trained in 

glaucoma-specific MI-based counseling to guide glaucoma participants to identify and 

overcome their barriers to optimal adherence; and 4) an alert and reminder system tailored to 

the participant’s medication schedule. The SEE Program, in particular the MI component, is 

grounded in Self Determination Theory, a theory of human growth and behavior change that 

posits that a person will change their behavior when they feel volitional, competent, and 

autonomously motivated to change.16 The objective of this prospective pre-post uncontrolled 

pilot intervention study (Clinical-Trials.gov Identifier #NCT03159247) was to evaluate the 

feasibility and efficacy of the SEE Program among glaucoma patients with poor medication 

adherence.

Methods

Participants and Sample Selection

Participants were recruited between December 2016 and August 2018. We used an 

automated data pull to identify patients who received ophthalmic care at any of the 11 eye 

clinics in the University of Michigan Health System, had a diagnosis of glaucoma, glaucoma 

suspect or ocular hypertension, were ≥40 years old, and took ≥1 glaucoma medication. 

Potential participants were mailed letters to notify them about a study involving a 

personalized glaucoma coaching program and gave instructions for how to opt-out of 

receiving a recruitment phone call. A manual chart review was performed to exclude 

individuals who were deceased, those with severe mental illness (defined as schizophrenia, 

bipolar disorder, or a major depressive episode with psychotic features), or cognitive 

impairment. A research associate called each patient who did not opt-out or have exclusion 

criteria to ask if they would be interested in participating. If the patient was interested, the 

research associate obtained verbal consent to ask screening questions. To pass screening for 

the study, participants had to speak English, instill their own eye drops, and self-report poor 

adherence on 2 validated scales, the Chang Adherence measure20 and the Morisky 

Medication Adherence Scale.21,22 Those who self-reported <95% adherence over the past 

month on the Chang measure and scored ≤6 on the Morisky scale were considered to have 

poor adherence by self-report. See Figure 1 for the CONSORT diagram of participant 

recruitment, screening, and enrollment.

Once a potential participant passed screening, they were invited to participate in a 3- month 

electronic medication monitoring period to determine study eligibility for the SEE Program. 

We did this because we wanted an objective measurement of medication adherence to 

confirm poor adherence status as the SEE Program is resource intensive and would likely 

only be given to those with truly poor adherence. At the baseline study visit, written 

informed consent was obtained and participants filled out study surveys. Participants were 

then given electronic medication adherence monitors for each of their glaucoma 

medications. Participants who completed 3 months of baseline monitoring and showed poor 

medication adherence (≤80% of prescribed doses taken on schedule)7 were eligible and 

invited to participate in the SEE Program. Participants were masked to SEE Program 
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participation adherence criteria. At each of the seven study visits, the participant received 

$35 for their time spent on survey questions and assessments. This study was approved by 

the University of Michigan Institutional Review Board and followed all of the tenets of the 

Declaration of Helsinki.

Sample Size Calculation

Sample size estimates were calculated to assess the potential impact of the SEE program 

pilot study on glaucoma medication adherence. We based our sample size estimates on the 

work of Okeke and colleauges23 where a 20-percentage point increase in medication 

adherence was found after a personalized education program among participants with 

glaucoma with <75% adherence to their glaucoma medications. The SEE program pilot 

study required enrolling 46 participants with ≤80% adherence to provide 80% power to 

detect at least a relative improvement of 15% in adherence with a type 1 error of 5%.

Medication Adherence Monitoring

Medication adherence was monitored electronically 24 (AdhereTech, New York, USA) 

during the 3-month baseline eligibility period and throughout the 7-month SEE Program. 

The medication adherence monitors look like large pill bottles, and the participants placed 

each of their glaucoma medications within a separate marked monitoring bottle. Whenever a 

monitoring bottle is opened, a time-date stamp was sent to our database through the cellular 

data network and recorded as a medication taking event.

An adherent event was defined as opening the adherence monitor within a specified time 

window of the dose on the previous day,19 specifically 24±4 hours for medications dosed 

once per day, 24±2 hours for medications dosed twice per day, and 24±1.3 hours for 

medications dosed 3 times per day. When calculating adherence for medications dosed more 

than once a day, we compared the current day’s doses to the previous day’s doses rather than 

simply the previous dose (e.g., second versus first or third versus second) as lifestyle and 

sleeping patterns can result in medication times that are not equally spaced.19 For 

participants on more than 1 medication, adherence was first measured at the medication level 

and then aggregated to the person level by dividing the total number of doses of all 

medication(s) taken on time by the total number of doses of all medication(s) prescribed. 

Adherence was measured during specified time periods as a continuous variable on a scale 

from 0 to 100, representing the percentage of prescribed glaucoma medications doses that 

were taken as scheduled.

Adherence was calculated monthly during the 3-month pre-program period and a median of 

the 3 months of medication adherence was selected as the baseline measure of adherence. 

Participants whose median baseline adherence was ≤80% were eligible to continue in the 

study and receive the SEE Program intervention. Because we did not have a control group, 

we chose to use median adherence as opposed to mean adherence to mitigate the effects of 

regression to the mean and the Hawthorne effect, or the change in behavior attributed to the 

knowledge that one is being monitored.25 Adherence was calculated cumulatively over the 

duration of the SEE Program and also between each in-person SEE Program session.

Newman-Casey et al. Page 4

Ophthalmol Glaucoma. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



SEE Program

The SEE Program combines personalized glaucoma coaching sessions delivered by a trained 

ophthalmic technician or health educator with automated, tailored medication alerts to help 

people better self-manage their glaucoma. Each glaucoma coach (3) completed a 16-hour 

glaucoma-specific MI training program 19 and demonstrated that they reached competence 

as measured by the modified One-Pass among practice participants before coaching study 

participants.26 Of the three coaches in the study, one was a glaucoma technician, one was a 

health educator, and one was a social worker. Each coaching session with a study participant 

was audio-recorded, and a Motivational Interviewing Network of Trainers 27 trainer graded a 

random 10% of encounters for fidelity to MI using the ONE PASS grading system.26

Participants who demonstrated poor adherence during baseline medication monitoring met 

with the glaucoma coach, who enabled the medication reminders to light up or have an 

audible alert when a dose of medication was due. If a participant was more than 1 hour late 

taking their medication, they could additionally elect to receive an automated phone call or 

text message reminding them to take their medication. Participants could elect to receive 

any, all, or none of these reminders. These reminders continued for the entire 7-month SEE 

Program.

Participants then met with the glaucoma coach for 3 in-person and five over-the-phone 

coaching and education sessions over 6 months. An in-depth description of the program is 

provided elsewhere.28 In brief, during the first in-person coaching session, the glaucoma 

coach used a web-based application to generate tailored glaucoma educational materials and 

teach eye drop instillation. The application also generates MI-based counseling prompts to 

guide the conversation between the coach and participant. The coach used a tablet like a 

story book where the coach turns the tablet towards themselves to read the conversation 

prompts, and turns the tablet towards the participant to share the personalized audio-visual 

information (SEE website: https://glaucomaeyeguide.org) The education is tailored on the 

following variables: name, gender, race/ethnicity, type of glaucoma, glaucoma test results 

(visual field tests and optic nerve photographs), previous laser or incisional glaucoma 

surgeries, recommended glaucoma medications, physician’s name, cell phone and internet 

usage, social support, and barriers to adherence.17 During the first in-person session, the 

coach helped the participant identify barriers to optimal adherence and used the person’s 

strengths and motivations to guide potential solutions. Over the course of the counseling 

session, the coach helped the participant put together a list of questions to ask the doctor at 

the next visit. At the end of the first session, the coach used the web-application to create a 

written action plan of the next steps to integrate medication taking into the participant’s 

daily routine.29–32

During the second in-person session, 2 months later, participants repeated elements of the 

first session wherein they discussed their motivation to take care of their vision and what 

strengths they have that they can use to enact their plan, practiced instilling eye drops, and 

went over their daily routine for eye drop use. In the third in-person session, 2 months later, 

participants repeated different elements of the first session wherein they chose what parts of 

the personalized glaucoma education content they wanted to review and discussed any new 

barriers that may have arisen. Between-session phone calls (5 total; 3 between the first and 
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second sessions, 1 between the second and third sessions, and 1 approximately 1-month after 

the third session) were tailored to the participant’s current level of adherence and focused on 

problem solving issues that arose. The glaucoma coaches updated the participant’s 

ophthalmologist on their adherence status through a note in the electronic health record. 

Participants could call their coach if questions arose.

Satisfaction with SEE Program

At completion of the SEE Program, a research assistant surveyed participants on their 

satisfaction with information they received throughout the program. The survey consisted of 

3 questions covering the amount, clarity, and helpfulness of information received about 

glaucoma medications. These questions were scored on a 7-point Likert scale with higher 

scores indicating more satisfaction. A fourth satisfaction question assessed satisfaction with 

amount of information where a 7-point Likert scale was anchored in a score of 1 indicating 

“too little information,” a score of 4 indicating “just the right amount of information,” and a 

score of 7 indicating “too much information.”

Statistical Analyses

Descriptive statistics (mean, standard deviation [SD], frequency, percentage) were used to 

summarize participant demographic and clinical characteristics. Participant cohorts (those 

who passed screening versus failed, those who were eligible after baseline medication 

adherence monitoring versus ineligible, those who completed the SEE Program versus 

dropped out) were compared for differences with 2-sample t-tests, chi-square tests, and 

Fisher exact tests. Descriptive statistics were also used to summarize coaching program 

including hours of training and supervision of coaches, fidelity of coaches to the SEE 

Program goals, and amount of counseling given to participants.

Adherence during the baseline monitoring period was investigated for the Hawthorne effect 

descriptively, with spaghetti plots and locally estimated scatterplot smoothing (LOESS). 

Paired t-tests were used to compare mean adherence in the first month of baseline 

monitoring to adherence in the later 2 months to assess whether the impact of knowing one’s 

adherence is being monitored wanes over time. To reduce the potential impact of the 

Hawthorne effect or regression to the mean, the baseline measure of adherence was 

calculated as the median of the 3 individual monthly measures of adherence.

The effect of the SEE Program on glaucoma medication adherence was investigated with 

paired t-tests, including all pairwise comparisons between baseline adherence, adherence 

during medication reminders, and adherence during the 3 separate SEE coaching sessions. A 

linear mixed regression model was used to investigate the effect of an added step of 

intervention on medication adherence. Statistical analysis was performed with SAS version 

9.4 (SAS Institute, Cary, NC).

Results

The self-reported adherence screening surveys identified 589 participants who were deemed 

ineligible during screening (good adherence) and 147 who were eligible (poor adherence). 

Those eligible participants who self-reported poor adherence were significantly younger 
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(mean of 66.4 years [SD=11.0] versus 71.4 years [SD=9.8], p<0.0001), and a larger 

percentage were of Black race (27.4% versus 14.9%, p<0.0001), compared to participants 

who self-reported good adherence (Table 1). Of the 147 participants who passed screening, 

47 declined participation and the remaining 100 were given electronic monitors to track 

medication adherence over the 3-month baseline period.

After baseline monitoring was completed, 48 participants were eligible to continue on to 

undergo the SEE Program (adherence ≤80%), 47 were ineligible (adherence >80%), and 5 

dropped out before completing the monitoring period. Eligible participants had significantly 

lower median household income than ineligible participants (mean of $53,454 [SD=

$19,621] versus $76,506 [SD=$27,840], p<0.0001, Table 1). Finally, of the 48 eligible 

subjects, 39 completed the SEE Program and 9 (19%) dropped out (2 during the medication 

reminders phase and 7 after the first SEE coaching session). The only significant difference 

between participants who completed the SEE Program and those who dropped out were that 

those who dropped out elected to receive fewer types of medication reminders (mean of 1.3 

reminders [SD=1.1] versus 2.0 reminders [SD=0.9], respectively, p=0.048) (Table 1). 

However, there were no significant differences in proportion of participants who chose each 

type of reminder between those who dropped out versus completed the SEE Program (lights: 

33.3% vs. 66.7%, p=0.13; sound: 33.3% vs. 59.0%, p=0.27); text message: 44.4 % vs. 

56.4%, p=0.71; phone call: 22.2% vs. 20.5%, p=1.00). Although the medication adherence 

data among those who dropped out is somewhat difficulty to interpret as it is not clear if 

adherence was low because participants dropped out or because participants stopped using 

the electronic medication monitors, we found that those who dropped out had lower 

adherence scores compared to those who completed the SEE Program. Adherence during the 

medication alert phase was 50.1% [SD = 29.6%] among the 7 out of 9 participants who 

dropped out but still had adherence data compared to 79.2% [SD = 17.6%] among those who 

completed the SEE Program (2-sample Wilcoxon, p= 0.006).

Three glaucoma coaches provided counseling and education to participants over the course 

of the SEE Program. The coaches had a range of 16.0 to 29.5 hours of training from a 

Motivational Interviewing Network of Trainers 27 trainer. The first coach underwent only the 

glaucoma-specific MI training session and the other 2 coaches completed an additional 2-

day general motivational interviewing training. The coaches completed 13.8 to 17 hours of 

supervision (Table 2). Coaches showed fidelity to MI counseling based on mean ONE PASS 

scores for their randomly chosen sessions of 5.6 [SD = 0.7], 5.7 [SD = 0.4], and 5.3 [SD = 

0.3] for the 3 coaches; a score of ≥5.0 is defined as competent. Coaches spent an average of 

127.8 [SD = 32.3] minutes counseling participants in-person over the 3 sessions (range 66–

194 minutes, median 126 minutes). The coaches spent an average of 68.2 minutes [SD = 

24.5] counseling during the first session, 27.9 minutes [SD = 7.5] counseling during the 

second session and 31.7 minutes [SD = 12.5] counseling during the third session.

Of the 95 subjects who completed baseline monitoring, the average baseline medication 

adherence over months 1, 2, and 3 of monitoring was 77.3% [SD = 18.7%], 72.4% [SD = 

22.2%], and 72.9% [SD = 22.2%], respectively (Supplemental Table 1, Supplemental Figure 

1, available at http://www.aaojournal.org). Adherence during the first month of monitoring 

was significantly better than during month 2 (p<0.0001) and month 3 (p=0.008), but no 
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significant difference in adherence was observed between months 2 and 3 of monitoring 

(p=0.72).

For the 39 eligible participants who completed the SEE Program, baseline adherence was on 

average 59.9% [SD = 18.5%] which improved to 79.2% (SD = 17.6%; p<0.0001) one month 

after initiating the medication reminders. Adherence improved further, over that observed 

under medication reminders, to 80.1% (SD = 20.6%; p=0.58), 82.4% (SD = 18.6%; 

p=0.049), and 83.6% (SD = 17.5%; p=0.020) in the two month periods after each of the 3 

SEE coaching sessions, respectively (Table 3; Figure 2). Cumulative adherence over the 

entire 7-month SEE Program was on average 81.3% [SD=17.6%] and significantly improved 

from average baseline adherence of 59.9% (p<0.0001). Participants showed an average 

relative improvement in adherence of 21.4% during the SEE Program (SD = 16.5%, range=

−3.2% to 74.4%, p<0.0001). Participants improved (defined as any change >0) upon their 

baseline medication adherence in 95% of cases (n=37 of 39) and 59.0% of participants had 

adherence >80% upon completing the SEE Program. A linear mixed regression model found 

that each added step of intervention (medication reminders to SEE coaching session 1, or an 

additional session of coaching) was associated with a 1.8% (95% CI, 0.8%−2.7%; p=0.0003) 

increase in medication adherence over the improvement in adherence one month after 

initiating the personalized reminders, so that after the three coaching sessions, there was a 

5.4% increase in medication adherence attributable to the coaching sessions.

Overall, participants who completed the SEE Program were very satisfied with the 

information they received. Most participants (86.8%) reported that information was a score 

of 6 or 7 (extremely clear/extremely helpful). The majority (60.5%) of participants reported 

that they felt they received just the right amount of information from the SEE Program. All 

participants (100%) gave a score of 6 or 7 (completely understand) when questioned about 

their understanding of how to take their glaucoma medications. (Supplemental Table 2, 

available at aaojournal.org).

Discussion

The SEE Program of personalized glaucoma coaching demonstrated both feasibility and 

initial efficacy. Those who completed the program had an average of a 21-percentage point 

improvement in adherence (baseline adherence: 59.9%, cumulative SEE Program adherence 

81.3%). As part of our baseline work for this study, we interviewed 25 glaucoma specialists 

who were members of the American Glaucoma Society to identify what experts in the field 

consider a clinically meaningful improvement in adherence. The average improvement 

thought to be clinically meaningful among these glaucoma specialists was a 17.7 percentage 

point (95% CI 14.6–20.8) improvement in glaucoma medication adherence. Using an 

approach that included all 4 components that a Cochrane review of medication adherence 

interventions identified as leading to behavior change— basing the intervention in 

behavioral theory; personalized education; Ml-based counseling, and reminder systems—
15, 33 did indeed change behavior in our cohort of poorly adherent glaucoma patients in a 

clinically meaningful way by 21 percentage points. The SEE Program’s multi-pronged 

approach exhibited a dose-response effect: each time the coach met with the participant, 
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adherence scores increased by a mean of 1.8 percentage points. Participants overall reported 

excellent satisfaction with the information they received from the SEE Program.

The alarms and text messages were initiated first, and one month later, the participants began 

the personalized glaucoma coaching sessions. The alarms and text messages continued for 

the entirety of the 7-month coaching program and had a substantial impact on adherence. 

However, it was not possible to tease apart whether the alarms alone would have led to 

sustained improvement in medication adherence as the study was not designed to answer 

this question. Though alarm studies in large randomized controlled trials outside of 

ophthalmology have not demonstrated significant improvement in medication adherence,
34,35 a previous alarm study for glaucoma patients did demonstrate significant impact on 

adherence.16 Boland and colleagues demonstrated a substantial benefit to alarms only in 

improving medication adherence among a subset of patients who engaged with an alarm 

intervention. In their randomized controlled trial comparing daily text or voice message 

reminders to take a daily prostaglandin analogue dose compared to usual care, 47% of those 

randomized to the alarm intervention dropped out (n=18/28) while 40% of those randomized 

to the usual care intervention dropped out (n=13/32). However, those who completed the 

intervention had a substantial improvement in glaucoma medication adherence, (from 54% 

to 73% p <0.05) whereas the control group had no improvement in adherence (from 51% to 

46%). To draw a parallel with our study, though the initial 20-percentage point improvement 

in adherence seen after turning on the alarms and reminders for the month before the 

coaching sessions had formally begun was substantial, after each coaching session, 

participants had an additional significant increase in adherence of 1.8 percentage points. 

Moreover, our drop-out rate was less than half of that seen in Boland’s study (19% vs 47%). 

This represents a very different level of engagement with the intervention, where poorly 

adherent glaucoma patients not only continued to participate in the program, but also had 

significant increases in their adherence after each interaction with the glaucoma coach. The 

large and sustained success of the alarms in our study must not be examined out of the 

context of the very positive relationship formed with the glaucoma coach. In exit interviews, 

97% (n=38/39) of participants mentioned the importance of the glaucoma coach in 

improving their glaucoma medication adherence compared to 72% (n=28/39) who 

mentioned that the alerts and reminders improved their adherence. In-depth qualitative 

analysis of the participants’ experience in the SEE Program will be presented in a 

companion manuscript.

Additionally, we cannot know whether the large increase in adherence would have also been 

seen had the counseling session been given first and the alarms added later, but we chose to 

use the alarms first as a less resource intensive intervention. When implementing additional 

support for glaucoma medication adherence, we may take a stepped approach where alarms 

and alerts are used first and then coaching is added for those who do not improve or do not 

sustain an improvement in medication use behavior. This may enable a stepped version of 

increased self-management support, where all glaucoma patients could be enrolled in 

automated medication reminders, but only those who disengage from the reminders, score 

poorly on self-reported measures of adherence, or do not refill their glaucoma medications 

would be referred for the more intensive glaucoma self-management support program with 

the personalized glaucoma coaching.
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All 3 coaches met competence standards and maintained fidelity to MI principles throughout 

the intervention, demonstrating the efficacy of the SEE Program training and supervision 

protocol. Researchers have identified that MI only works to help participants change their 

behavior if the counselor delivers high quality counseling that is consistently autonomy- 

supportive. 3638 A recent meta-analysis 37 of studies investigating the impact of MI on 

medication adherence found that MI counselors who underwent a fidelity assessment of their 

MI skills had a significant impact on improving medication adherence compared to those 

without this assessment. Whether just the knowledge of being continuously assessed or the 

feedback given during the assessment led to improved counseling was not clear, but the 

finding reinforces the value of counseling that has high fidelity to MI principles. The 

coaches in the SEE Program received 16 hours of initial glaucoma specific MI training, 14–

17 hours of supervision, and 2 coaches received a 14 hour additional general MI training 

session over the entire 1 year, 8 month SEE Program study. This level of training and 

supervision was similar to that given to lay health care workers in an MI-based sexual risk 

reduction intervention in South Africa. Investigators found that all lay health care workers 

were not delivering consistent MI counseling after an initial 35-hour training, but the 

majority improved greatly in their adherence to MI principles after 18 hours of refresher 

training and continued supervision.39

Our findings also suggest the value of using technology, such as eHealth tools, to expand the 

amount of support para-professional staff are able to provide participants. The SEE Program 

web application is an eHealth tool that generates personalized educational content and 

audio-visual materials (e.g. diagnosis, doctor’s recommendations, barriers to optimal self-

management) alongside prompts to guide the MI-based conversation. The prompts can be 

hidden if the coach feels comfortable guiding the conversation without them. In an eHealth 

intervention focused on improving diabetes outcomes, lay healthcare workers used a similar 

interactive tablet-based program to provide individualized diabetes information to low-

income Latino and African American adults with diabetes. This intervention led to an 

improvement in glycemic control comparable to prescribing an additional oral hypoglycemic 

agent.40 The effect of integrating MI-based prompts into an eHealth tool can greatly 

augment the counseling abilities of para-professional staff.

Two prior National Eye Institute-funded randomized controlled trials have addressed self-

management support for glaucoma medication adherence using some of these principles. 

The first program used tailored, automated phone calls and printed materials to provide 

glaucoma education. Though there was no differences between the intervention and control 

groups, self-reported adherence improved in both arms, demonstrating how increased 

attention improved medication taking behavior.41 The second study intervention used: (1) a 

licensed clinical psychologist to deliver an hour long in-person MI-based counseling session, 

(2) glaucoma education culturally tailored to African-Americans, and (3) 3 weekly follow-

up phone calls.42 This intervention demonstrated a significant 15 percentage-point 

improvement over baseline in medication adherence among 11 participants after the 4-week 

program. The SEE Program utilized these same successful principles— MI-based 

counseling, glaucoma education, and follow-up support— and made the program more 

scalable by having the web application personalize the glaucoma education and having a 

para-professional coach deliver the counseling instead of a licensed psychologist.
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In order to test the impact of the SEE Program, we aimed to recruit participants with poor 

medication adherence, as it is unlikely that the medical system would reimburse for self-

management support services in participants who have good medication adherence. We 

found that using 2 surveys of self-reported adherence identified that only 20% of people 

(147/736) willing to participate in the study had poor adherence. In a systematic review of 

glaucoma medication adherence literature, Reardon and colleagues found 33% of 

participants did not fill their glaucoma medications 12 months after starting therapy. In a 

claims analysis of 1,234 newly diagnosed glaucoma participants, only 15% had a medication 

possession ratio of 75% over 4 years of follow-up. 43 Thus, it seems that either glaucoma 

participants in our study were overestimating their adherence 44 or we are seeing evidence of 

the healthy volunteer effect, where those who are healthier are more likely to volunteer for 

clinical research. Of those who passed screening with poor self-reported adherence, 68% 

(100/147) agreed to participate in the study, which is similar to the 70% participation rate 

among eligible recruits for randomized controlled trials in the United Kingdom. 45

It seems that knowing one’s adherence was being monitored, or the Hawthorne effect, did 

have a short term impact on participant behavior in two ways. Initially, we chose to monitor 

adherence for 3 months prior to the intervention because the Hawthorne effect was found to 

wane after 2 months of monitoring in a previous study of glaucoma medication adherence.25 

In our study cohort, we found that after 1 month of monitoring, participants’ adherence 

decreased significantly from an average of 77.3% to 72.4% (p<0.0001) but then did not 

decrease from month 2 to month 3 (72.4% to 72.9%, p=0.7). This suggests that the majority 

of the Hawthorne effect - or an improvement in medication taking behavior because of the 

knowledge that the behavior is being observed - waned after 1 month of electronic 

medication monitoring. However, there did seem to be an impact of monitoring medication 

use on medication taking behavior itself, as 47/100 participants with poor self-reported 

medication use at had electronically monitored adherence over 80%. Those whose adherence 

was ≥80% during the 3- month monitoring period were more likely to have higher median 

household income ($76,506 vs $53,454, p<0.0001). This behavior change may have been 

due to the knowledge of being monitored, or perhaps may have come from answering many 

survey questions assessing glaucoma knowledge, medication taking behavior, confidence in 

taking control of one’s health status or from meeting with the study team personnel and 

being given the extra attention and focus on glaucoma medication adherence.

This pilot study’s strengths lie in 1) its rigorous assessment of medication adherence using 

electronic medication monitoring; 2) using medication adherence monitors that sent data 

through the cellular network so that those without internet access could be included; 3) the 

rigorous assessment of and maintenance of fidelity to motivational interviewing-style 

counseling; 4) the 3-month baseline adherence monitoring period to mitigate possible 

Hawthorne effect and regression to the mean on the main outcome measure; and 5) the 

inclusion of a substantial percentage of study participants who were women (46%) and who 

were African-American (46%). The study also had several limitations. As a pilot study, it 

was limited in that it did not include a control group comparator. In addition, the electronic 

medication monitors only accurately assess adherence if participants place their glaucoma 

medications into the bottles. Thus, it can appear that a participant is less adherent than they 

truly are. Having three glaucoma coaches coach the participants could have lent variability 
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to the intervention; however, all three coaches did attain and maintain competence in MI-

based counseling. Additionally, it is not possible to disentangle the contribution of each 

component of the SEE Program on adherence using a pre-post design. If the program has 

demonstrated efficacy in an RCT but is too costly or too burdensome for implementation, 

future work will tease apart the “active ingredients” using an RCT with a fractional factorial 

design.

Conclusions

The SEE Program, a multi-pronged, evidence-based intervention combining medication 

alarms/alerts, MI-based coaching, personalized glaucoma education and between-visit 

support, significantly improved medication adherence among poorly-adherent glaucoma 

patients. The results support further evaluating its effectiveness and scalability in a large-

scale, multi-site randomized controlled clinical trial. This type of evidence would also 

enable cost-effectiveness studies of such a personalized coaching intervention.
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Precis

A glaucoma self-management support program that combined motivational-interviewing 

based counseling, personalized education, between-visit support and reminders lead to a 

21.4% increase in electronically monitored glaucoma medication adherence compared to 

baseline.
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Figure 1. 
Flow Chart of Participant Recruitment and Participation (CONSORT Diagram)

EHR, Electronic Health Record; SEE, Support Educate Empower

* One participant was also non-adherent to seizure medications and seized during the 

counseling session and was disqualified from the study, one had non-diagnosed cognitive 

issues and was unable to participate, one let us know that she did not have enough time to 

participate in study visits, one moved, and five were lost to follow-up.
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Figure 2. 
a. Distribution of medication adherence before and during the Support, Educate, Empower 

(SEE) Program personalized glaucoma coaching intervention for the 39 participants who 

completed the intervention using boxplots. Mean and 95% confidence intervals are 

displayed.

b. Distribution of medication adherence at baseline and during the study period for the 39 

subjects completing the Support, Educate, Empower (SEE) Program personalized glaucoma 

coaching intervention using a Spaghetti plot. A locally estimated scatterplot smoothing 
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(LOESS) curve is represented by the black dashed line. Mean and 95% confidence intervals 

are displayed.
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Table 2.

SEE Coaching Training and Fidelity to MI

Variable Coach 1 Coach 2 Coach 3

Training

Hours Trained 16 29.2 29.5

Hours Supervised 17 14.6 13.8

Study Participants Fidelity (n=10) (n=7) (n=7)

Overall One Pass Score, Mean (SD) 5.6 (0.7) 5.7 (0.4) 5.3 (0.3)

% One Pass Score ≥5 80% 100% 100%

% Coach:Participant Talk ≥50% 80% 85.7% 100%

% Reflection:Question ≥2:1 100% 100% 100%

% Open-Ended Questions ≥70% 100% 100% 100%

% Complex Reflections ≥25% 100% 100% 100%

% SEE Tasks Completed ≥75% 90% 100% 100%

MI, motivational interviewing; SD, Standard Deviation; SEE Support Educate Empower
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