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Automated Telecommunication-Based Reminders and
Adherence With Once-Daily Glaucoma Medication Dosing
The Automated Dosing Reminder Study
Michael V. Boland, MD, PhD; Dolly S. Chang, MD, PhD; Travis Frazier, MD; Ryan Plyler, BS; Joan L. Jefferys, ScM;
David S. Friedman, MD, MPH, PhD

IMPORTANCE Topical glaucoma medications lower intraocular pressure and alter the course
of the disease. Because adherence with glaucoma medications is a known problem,
interventions are needed to help those patients who do not take their medications as
prescribed.

OBJECTIVE To assess the ability of an automated telecommunication-based intervention to
improve adherence with glaucoma medications.

DESIGN, SETTING, AND PARTICIPANTS We performed a prospective cohort study of
medication adherence, followed by a randomized intervention for those found to be
nonadherent, of individuals recruited from a university-based glaucoma subspecialty clinic.
A total of 491 participants were enrolled in the initial assessment of adherence. Of those, 70
were nonadherent with their medications after 3 months of electronic monitoring and
randomized to intervention and control groups.

INTERVENTIONS A personal health record was used to store the list of patient medications
and reminder preferences. On the basis of those data, participants randomized to the
intervention received daily messages, either text or voice, reminding them to take their
medication. Participants randomized to the control group received usual care.

MAIN OUTCOMES AND MEASURES Difference in adherence before and after initiation of the
intervention.

RESULTS Using an intent-to-treat analysis, we found that the median adherence rate in the 38
participants randomized to the intervention increased from 53% to 64% (P < .05). There was
no statistical change in 32 participants in the control group. To assess the real efficacy of the
intervention, the same comparison was performed for the participants who successfully
completed the study after randomization. Analyzed this way, the adherence rate in the 20
participants in the intervention group increased from 54% to 73% (P < .05), whereas there
was again no statistical change in the 19 participants in the control group. Eighty-four percent
of the participants who received reminders agreed they were helpful and would continue
using them outside the study.

CONCLUSIONS AND RELEVANCE Automated telecommunication-based reminders linked to
data in a personal health record improved adherence with once-daily glaucoma medications.
This is an effective method to improve adherence that could realistically be implemented in
ophthalmology practices with a minimum amount of effort on the part of the practice or the
patient.
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T he barriers to medication adherence by patients with
glaucoma are complex. Tsai et al1 reported 71 obstacles
that could be categorized as situational or environmen-

tal factors, medication regimen, patient factors, and practi-
tioner factors. Another study identified lack of education re-
garding glaucoma, lack of faith in drops, problems with drop
administration, forgetfulness, and the practical issues of medi-
cation administration (eg, timing, location, and packaging) as
important barriers to adherence.2

Because lack of patient adherence with medications is a
known problem in a number of diseases, including glaucoma,
there is a body of work on improving adherence. One systematic
review,3 including 8 studies of interventions applied to patients
with glaucoma, found heterogeneity in terms of both the mea-
sure of adherence (7 by self-report and 2 with an electronic moni-
tor) and interventions evaluated. Because the interventions
spanned approaches that ranged from education to individual-
ized care planning to automated reminders, the authors of the
review were unable to recommend a single intervention.

Another systematic review4 included studies that ad-
dressed interventions to improve medication adherence and
was not limited to glaucoma. Because of the heterogeneity of
the included studies the authors were unable to recommend
a single intervention. They were able to suggest, however, that
some combination of the following was likely beneficial: a sim-
plified drug regimen, instruction and counseling, dosing re-
minders, more frequent office visit follow-up, supervised self-
monitoring, patient rewards, family therapy, psychological
therapy, and telephone follow-up.

These reviews predate 3 randomized studies of glaucoma
adherenceinterventions.Thefirstofthesestudies5 assignednon-
adherent participants to a control group or to an intervention
that included an educational video, discussion of adherence bar-
riers with a study coordinator, regular telephone calls, and an
electronic reminder connected to the medication bottle. Adher-
ence was unchanged in the control group but increased from54%
to 73% in the intervention group. A second study6 randomized
patients new to treatment to a control or customized educational
intervention with frequent follow-up. The primary outcome was
adherence based on refills with secondary measures related to
self-report of adherence, glaucoma knowledge, beliefs about ill-
ness and medications, intraocular pressure (IOP) fluctuations,
and changes in management. The intervention group displayed
more knowledge, reported better adherence, had lower IOP fluc-
tuations, and had fewer changes in management. A third recent
study7 also identified nonadherent participants and then ran-
domized them to an educational intervention using telephone
calls and printed materials or to usual care. This study assessed
adherence using a combination of self-report, refill history,
missed appointments, and medical record review. Using these
metrics, medication adherence increased for both groups after
randomization.

One important drawback to the adherence interventions
studied thus far for glaucoma is that they are difficult to imple-
ment because they are labor intensive and therefore not cost-
effective for clinics operating in the current fee-for-service sys-
tem in the United States. We therefore set out to evaluate an
intervention that could be placed under patient control and

would also require little or no ongoing work by clinic staff. Be-
cause personal health records and patient portals into elec-
tronic health records are increasingly common and now
required,8 we elected to use one such system as the basis of
an intervention to improve adherence. In addition, because of
the presence of telephones everywhere, both wired and wire-
less, we used telecommunication-based reminders as the
means of intervention. This approach has been reported to im-
prove medication adherence in patients with human immu-
nodeficiency syndrome9 and in those using long-term medi-
cations in general.10

To assess the ability of automated reminders to improve
adherence with once-daily glaucoma medications, the Auto-
mated Dosing Reminder Study (ADRS) was designed with 2
phases: (1) an observational stage to identify participants who
were nonadherent with their once-daily prostaglandin therapy
and (2) a study of a telecommunication-based intervention to
improve adherence.

Methods
The ADRS was reviewed and approved by The Johns Hopkins
University School of Medicine Institutional Review Board. Pa-
tients provided written informed consent. The baseline char-
acteristics and adherence of the participants enrolled in the ob-
servational phase are reported elsewhere.11 Those participants
determined to have poor adherence with their medications were
then transitioned to the intervention phase of the study.

Adherence Monitoring
The methods for participant recruitment, assessment of base-
line characteristics, and measurement of adherence are de-
scribed elsewhere.11 After 3 months of monitoring partici-
pants’ use of daily prostaglandin medications using an electronic
bottle cap (MEMSCap, MeadWestvaco Corp), adherence was as-
sessed in 3 ways: (1) as the percentage of days on which a dose
was taken within 4 hours of the mean dosing time for that pa-
tient, (2) as the percentage of the total number of prescribed
doses taken, and (3) as the percentage of days on which the cor-
rect number of doses was taken. If any of these numbers were
below 75% or if the second value was above 125%, the partici-
pant was determined to be nonadherent (only 2 participants
were labeled nonadherent by the latter criteria alone). Study par-
ticipants who were nonadherent by this definition were then
assigned to a control or intervention group using assignments
randomized equally in blocks of 10 and placed in envelopes.

Intervention
Participants in the intervention group were registered for a
HealthVault account (Microsoft Corp). HealthVault is a per-
sonal health record designed to allow patients to accumulate
and manage their medical data. Study personnel were avail-
able to help with account creation. A customized HealthVault
application was used to enter each participant’s prostaglan-
din medication (bimatoprost, latanoprost, or travoprost) into
the personal health record (eFigure 1 in the Supplement). Study
personnel then worked with each participant to specify when
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they wished to be reminded about their medication dosing and
whether those reminders should be via telephone or text mes-
sage (Figure 1). At any point during this phase of the study, par-
ticipants could contact study personnel to modify or disable
the reminders. Participants randomized to the control group
did not receive any additional intervention, and both groups
were again instructed to use the MEMSCap to monitor their
medication use.

Once a participant’s medication and desired reminder time
were entered into HealthVault, that information was transmit-
ted securely as structured data to Memotext (Memotext LLC),
where their preferences were used to generate daily reminders
by telephone or text message (eFigure 2 in the Supplement). In
either case, the reminders informed each participant in the in-
tervention group that it was time to take his or her medication.
The interactive voice response system also allowed partici-
pants to reset the reminder and receive it again in 1 hour: “Hello,
this is your automated reminder to take your [drop name] eye
drop. Press 1 if you have or are about to take your [drop name].
If you are not able to take your eye drop right now and would
like a second reminder in 1 hour, please press 2 now.”

At 3 months after randomization, participants were again
asked questions by the study coordinator about the monitor-
ing device, their drop use, and the reminders (intervention
group only):
• I find the device easy to use when I put in my drops (strongly

agree to strongly disagree).
• I feel that using the monitor is causing me to take my drops

less than I would if I were not using the dosing monitor
(strongly agree to strongly disagree).

• I have used my drops without using the device during the
study (strongly agree to strongly disagree).

• In the past 3 months, I used my glaucoma drops (every day,
all but 1 or 2, more than half, about half, less than half, al-
most never).

• Some days, I forget to take one of my doses of glaucoma medi-
cations (strongly agree to strongly disagree).

• I found the reminders helpful (strongly agree to strongly dis-
agree).

• If reminders were available, I would continue to use them out-
side the study (strongly agree to strongly disagree).

The MEMSCap was collected, and the adherence rate was
again calculated.

Statistical Analysis
Descriptive statistics were tabulated for each treatment group:
number and percentage for categorical variables, mean and SD
for continuous variables that appeared to be normally distrib-
uted, and median and range for other continuous variables.
These statistics were compared for intervention and control
participants using the Fisher exact test, the t test, or the Wil-
coxon rank sum test, respectively. Differences in responses to
the Likert-scale questions were assessed with the Mann-
Whitney test. The primary outcome for the study was change
in percentage of adherence from before to after intervention,
measured as median percentage point change, and was evalu-
ated for significance using the Wilcoxon signed rank test. As-
sociations among change in percentage of adherence and
demographic variables were explored using the Wilcoxon rank
sum test for 1 binary variable and 1 continuous variable and
the Spearman rank correlation coefficient for 2 continuous vari-
ables. Least squares means and P values from general linear
regression models were used to estimate change in adher-
ence in each group while adjusting for covariates. Analyses
were performed using SAS statistical software, version 9.2 (SAS
Institute Inc), and R, version 3.0.2 (cran.r-project.org).12,13

Results
The flow of participants through the study is depicted in
Figure 2. The baseline characteristics of the entire ADRS co-
hort and a comparison of the groups that successfully com-
pleted the 3-month assessment of adherence and those that
were lost to and unavailable for follow-up are reported

Figure 1. Specification of an Automated Reminder to Be Associated With
a Particular Medication Using the Custom HealthVault Application

Reminder information was sent securely to Memotext, where the reminders
were actually generated.

Figure 2. Flow of Participants Through the Study
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407 With initial 
adherence data

84 Lost to follow-up
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38 Intervention

20 With final
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follow-up
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Automated Dosing Reminder Study Original Investigation Research

jamaophthalmology.com JAMA Ophthalmology July 2014 Volume 132, Number 7 847

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

elsewhere.11 Of 70 participants determined to be nonadher-
ent after a 3-month assessment using MEMS caps, 38 were ran-
domized to the telecommunication-based intervention and 32
to the control group. All but 2 participants in the intervention
group elected to receive voice messages, so no analysis was per-
formed based on the kind of message received. Despite the ran-

domization procedures, there were statistical differences be-
tween the 2 groups with regard to age, educational level, and
Mini-Mental State Examination (MMSE) score (Table 1).

Participants again had their medication dosing moni-
tored using MEMS caps for an additional 3 months after ran-
domization. The reasons for randomized participants not com-
pleting the study included 16 who could no longer be contacted,
2 who disliked the monitor, 2 who disliked the reminders, 2
who transferred to other clinics for care, 1 due to cost, and 8
for other reasons. Potential risk factors for not completing the
study, including age, sex, race, educational level, and base-
line adherence, were compared between the groups who com-
pleted the intervention phase and those who did not. No sta-
tistical differences were found between these 2 groups for any
of these variables (P > .05, data not shown).

Because of the large percentage of participants lost to and
unavailable for follow-up (Figure 2), the effect of the interven-
tion was evaluated in 2 ways. First, we analyzed the preran-
domization and postrandomization adherence rates using an
intent-to-treat analysis in which participants who were lost to
and unavailable for follow-up had their baseline adherence as-
signed as their final adherence. With this approach, there was
an increase of 11 percentage points in median adherence rates
for the intervention group. The tendency for individual changes
in adherence to be positive in the intervention group (paired
analysis) was statistically significant (P = .04). A decrease in
median adherence of 5 percentage points observed in the con-
trol group was not statistically significant (Table 2). Second,
we assessed the real efficacy of the intervention by restrict-
ing the data to those participants who successfully com-
pleted all phases of the study. When analyzed in this way, the
intervention resulted in an increase of 19 percentage points in
median adherence. Individual changes again tended to be posi-
tive in the intervention group (P = .003), whereas the control
group remained statistically unchanged (Table 2 and Figure 3).

Because the 2 randomized groups were significantly differ-
entintermsofage,MMSEscore,andeducational level,additional
analyses were performed to assess potential confounding in the
reported results. The association between adherence and sex,
age, MMSE score, and educational level was assessed using both
the control and intervention groups. Because increased adher-
ence was significantly associated with female sex, older age, and
lower MMSE score, we considered these variables as potential
confounders. Sex was not related to either age or MMSE score,
butageandMMSEscorearesignificantlyinverselyrelatedinboth
the intent-to-treat and real efficacy analyses (P < .001 and P =
.002, respectively). The MMSE score also had a stronger associa-
tion with adherence in both analyses, so we opted to use sex and
MMSE score as adjustment variables. These models produced re-
sults with statistically significant increases in adherence in the
intervention group for both the intent-to-treat (8 percentage
points, P = .03) and real efficacy (16 percentage points, P = .004)
analyses, whereas there was no statistically significant change
in the control group.

Study participants were asked about their experience with
the electronic dosing monitor and to assess their adherence at
their 6-month visit. No statistically significant differences were
found between the 2 groups (eTable in the Supplement). The

Table 1. Characteristics of the Participants in the Intervention
and Control Groupsa

Characteristic
Intervention

(n = 38)
Control
(n = 32)

Age at enrollment, mean (SD), yb 69.6 (13.6) 62.7 (12.1)

Sex

Female 21 (55) 15 (47)

Male 17 (45) 17 (53)

Race

European 14 (37) 9 (28)

African American 22 (58) 19 (59)

Asian 1 (3) 3 (9)

Hispanic 1 (3) 0

Middle Eastern 0 1 (3)

Educational level (n = 37 and 32)b

Less than high school 7 (19) 0

High school 19 (51) 12 (38)

College 4 (11) 16 (50)

Post college 7 (19) 4 (12)

General health

Excellent 5 (13) 4 (12)

Good 24 (63) 21 (66)

Fair 9 (24) 5 (16)

Poor 0 2 (6)

MMSE score, median (range)b 28 (13-30) 29 (22-30)

Income per 1000 population
(by zip code; n = 38 and 31),
median (range), US $

49 (22-147) 61 (24-92)

Family history of glaucoma 13 (35) 9 (29)

Cup-disc ratio (n = 37 and 32),
median (range)

0.73 (0.2-1) 0.7 (0.4-1)

Recent IOP, median (range),
mm Hgc

16 (8-43) 16 (7-28.5)

Target IOP (n = 36 and 31),
median (range), mm Hgc

16.3 (10-25) 16 (10-25)

Initial IOP (n = 24 and 23),
median, (range), mm Hgc

16 (8-30.5) 16 (9-28.5)

Glaucoma medication

Bimatoprost 4 (11) 4 (12)

Travoprost 6 (16) 6 (19)

Latanoprost 28 (74) 22 (69)

Bilateral medication 28 (74) 21 (66)

Duration of treatment, median
(range), y

5 (0.1-29.0) 4.5 (0.1-52.0)

Abbreviations: IOP, intraocular pressure; MMSE, Mini-Mental State
Examination.
a Data are presented as number (percentage) of participants unless otherwise

indicated.
b P � .05 for comparison between groups using the Fisher exact test for

proportions, t test for normally distributed continuous variables (those with
mean and SD), and the Wilcoxon rank sum test for continuous variables not
normally distributed (those with median and range).

c Mean of right and left eye values if using medication bilaterally.
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intervention group was asked about the reminders, and 84% of
them strongly or somewhat agreed that the reminders were
helpful and that they would like to continue using them.

Discussion
We found that a telecommunication-based reminder linked to
a personal health record can increase adherence with once-
daily glaucoma medications. This finding is important be-
cause it supports an intervention that is feasible in terms of
time and cost for a typical ophthalmology practice. Our col-
laborator, Memotext, estimates that this particular kind of in-
tervention could be implemented for approximately US $20 per
year per patient. Furthermore, the automated reminders were
well received by the study participants.

Because only a few patients appear to be nonadherent with
their medications based on the initial phase of the ADRS,11 it
will be important to identify those at highest risk of nonad-
herence to target any adherence interventions. A tool to iden-
tify those at highest risk that can be easily applied in a clinical
setting has been developed and validated.14 Taken together,
we believe this risk calculator, or one like it,15 and the auto-
mated reminders described represent a practical means of im-
proving adherence.

Although nonadherence may arise from multiple under-
lying factors, forgetting to take medications is chief among
them.16,17 Because automated reminders directly target this
mechanism of nonadherence, they are a prime candidate for
investigation. Furthermore, reminders may prove useful for
patients whose nonadherence is due to other causes. In other
words, if reminders can be shown to prompt drop administra-
tion even for patients with cognitive or situational limita-
tions, there may be no need to design interventions to ad-
dress those other barriers.

The complexity of glaucoma medication adherence is rein-
forced by the discrepancy between the results of the ADRS and

Travatan Dosing Aid (Alcon Inc) studies, which reported some
improvement with interventions, and the results of the Inter-
active Study to Increase Glaucoma Adherence to Treatment Trial,
which reported no differential change in adherence.7 One obvi-
ous area of difference between our studies and the Interactive
Study to Increase Glaucoma Adherence to Treatment Trial is in
the monitoring of adherence, which we performed as directly
as possible, whereas they performed with indirect measures,
such as interviews, missed appointments, and clinic notes.

In addition to demonstrating the efficacy of this particu-
lar approach to reminders, our results also clearly point out the
difficulty of studying and intervening with nonadherent pa-
tients. This is most evident in the high rate of patients who were
lost to and unavailable for follow-up, suggesting that keeping
nonadherent patients in the practice and using their medica-
tions is a challenge. If these patients are indeed less likely to
follow up with their glaucoma care, a correlation that is sup-
ported by a prior study18 at our institution, then there will need
to be additional intervention to deal with that aspect of their
beliefs and behaviors.

The high rate of participants being lost to and unavailable for
follow-up after randomization is both a significant finding and
a significant limitation in terms of our ability to assess the inter-
vention. Loss of participants after randomization, coupled with
the fact that the original cohort was significantly more adherent11

than a similar group in a prior study at our institution,19 resulted
in a smaller than expected number of participants completing the
intervention phase of the study. The differences in the character-
istics of the control and intervention groups (Table 1) are there-
fore likely an artifact of the small sample size and a couple of par-
ticipants with outlier values (eg, the participant with an MMSE
score of 13). Because of these differences and the small sample
size, we performed multivariate analysis with an intent-to-treat
approach in which we assigned the baseline adherence as the fi-
naladherenceforallparticipantslosttoandunavailableforfollow-

Table 2. Change in Adherence Rate in the Intervention
and Control Groupsa

Variable

Group, Median (Range)

Intervention Control
Intent-to-treat

Adherence rate (n = 38) (n = 32)

Initial 53 (0 to 100) 51 (5 to 83)

Final 64 (1 to 100) 46 (5 to 98)

Change 0 (−39 to 95)b 0 (−43 to 89)

Real Efficacy

Adherence rate (n = 20) (n = 19)

Initial 54 (0 to 72) 62 (9 to 83)

Final 73 (32 to 96) 67 (7 to 98)

Change 13 (−16 to 95)b 1 (−43 to 89)

a The intent-to-treat analysis includes all participants randomized in both
groups, and the real efficacy analysis includes those who successfully
completed the study.

b P � .05 for comparison of initial and final adherence rates using generalized
linear regression models.

Figure 3. Change in Adherence
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up. In both of these analyses, the intervention had an effect on
adherencenotseeninthecontrolgroup.Theintent-to-treatanaly-
sis continued to show an effect of the intervention despite being
biased against finding such an effect by assuming no change in
adherence in those participants who did not complete the study.
We believe the conservative nature of the intent-to-treat analy-
sis is appropriate to overcome the likelihood of bias that is inher-
ent in any study with a high rate of participant dropout.

Also of note is the fact that even in the intervention group,
the median adherence rate after the reminders were imple-
mented (73%) was still below the cutoff we have defined for
being adherent. There are also clearly some participants for
whom the intervention had no effect on their adherence
(Figure 3). Although it seems reasonable to conclude that some
improvement in adherence is desirable, the answer to how
much adherence must increase to be clinically meaningful will
require additional studies looking specifically at measures of
optic nerve structure and function or 24-hour IOP. It is also of

interest to link adherence and the effect of interventions to
these clinical outcomes for a longer period given the slowly pro-
gressive nature of the disease.

Conclusions
The combination of an electronic health record portal for pa-
tients and telecommunication-based reminders is likely to be
one important method of addressing adherence with glau-
coma medications. This contention is based on the rapid adop-
tion of electronic health records by ophthalmology practices20

and the fact that it will be required that patients can have
remote access to their own records.21 On the other hand, the
multifactorial nature of medication nonadherence will re-
quire the development of additional interventions that will
work for those patients with barriers not overcome with this
approach.
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