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Background: Medication Event Monitoring System (MEMS) technology in glaucoma medication 
adherence has not yet addressed reminder fatigue, in which patients become desensitized to reminders 
after repeated exposure.

Aims: To study how the prototype of a novel device, which couples real-time monitoring with custom 
SMS text reminders, can affect medication adherence.

Methods: We piloted a randomised prospective clinical trial, recruiting patients between June 2017 to 
February 2018 from the Stanford Byers Eye Institute who had been prescribed daily latanoprost for 
open-angle glaucoma. We monitored each participant’s usage for 13 weeks, randomising each 
participant into one of three arms: Arm 1 controls were monitored, Arm 2 subjects were also notified 
via SMS texts for missed doses, and Arm 3 subjects were monitored, notified via SMS texts for 
missed doses, and called monthly and/or if  adherence fell below 75% to collect qualitative data on 
reasons for lack of adherence. 

Results: Of 78 subjects who were consented, 50 subjects participated. By week 7, Arm 1 subjects had 
a decline in adherence compared to Arm 2, which had maintained its adherence at 78.57 ± 5.13% 
(p = 0.01). Arm 3 subjects maintained a steady adherence for the first 5 weeks; however, at week 6 
their adherence peaked at 90.48 ± 4.12%, compared to Group 1 which had fallen to 46.43 ± 15.68% 
(p = 0.01). 

Conclusions: Real-time custom reminders can improve glaucoma medication adherence. This pilot 
can aid future clinical trial design in assessing real-time electronic monitoring and custom reminders 
in glaucoma medication adherence.
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Introduction
Background
Medication nonadherence has become an epi-
demic. As of  2013, nonadherence was responsible 
for wasting between $100 and $300 billion in 

avoidable health care costs in the US annually.1 
According to the WHO, approximately 50% of 
patients do not take their medications as pre-
scribed.2 The detrimental ramifications of  poor 
adherence have been studied extensively in the 
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treatment of  chronic conditions such as hyperten-
sion and glaucoma.3,4

Glaucoma is a leading cause of irreversible blind-
ness, affecting three million Americans in 2000 with 
increasing prevalence every year.5 It is a chronic, 
largely asymptomatic, and progressive optic neurop-
athy leading to irreversible blindness, so early diag-
nosis and treatment are crucial in delaying progression 
of the disease6,7. There is currently no cure for glau-
coma and newer methods such as neuroregeneration 
are still being investigated.8,9 The most common 
form of glaucoma treatment is reducing intraocular 
pressure, which has been demonstrated to be the 
main modifiable risk factor in slowing disease pro-
gression.9 Glaucoma patients who do not routinely 
take eye drop medication may greatly increase their 
risk of disease progression. However, data from prior 
studies demonstrates that glaucoma eye drop adher-
ence rates are 70% or less for prescribed treatment.10 
As such, inadequate intraocular pressure control due 
to poor medication adherence is thought to be a sig-
nificant cause of worsening clinical outcomes in 
glaucoma care and escalation of therapy. 

To assess reasons for poor glaucoma medication 
adherence, previous studies have used Medication 
Event Monitoring System (MEMS) technology to 
compare self-reported versus monitored adherence. 
MEMS technology was originally developed out 
of  growing concerns over poor medication adher-
ence and works by electronically detecting, time- 
stamping, and storing data on usage of  the 
associated medication delivery system11. In this way, 
MEMS differs from standard messaging-based 
reminder services in that it tracks medication adher-
ence by clearly distinguishing initiation, implemen-
tation, and discontinuation of  usage11. Multiple 
studies have found discrepancies between self-re-
ported versus measured adherence, suggesting that 
electronic methods of  measuring medication adher-
ence can be more objective than inherently-biased 
self-reported adherence.12–16 For instance, one study 
found that self-reported adherence was 94% com-
pared to 79% according to the MEMS. Further, in 
the same study, the independent predictors of 
adherence included self-efficacy, motivation, inten-
tion, cues to action, race/ethnicity, and dose fre-
quency.17 In this sense, reasons for medication 
nonadherence are manifold and have been shown to 
include forgetfulness, low self-efficacy, difficulty 
with drop administration, and difficulty with medi-
cation scheduling in complicated  regimens.18–23 
In  light of  these factors, studies on  glaucoma 

adherence have attempted to identify innovative 
interventions to help patients improve adherence.

Prior studies have attempted to improve glaucoma 
medication adherence by designing interventions 
based on data collected by monitoring devices.24,25 
For instance, Okeke et al. found that using weekly 
phone call reminders and/or audible and visible 
reminders on their electronic sensors resulted in 
improved adherence for patients with baseline poor 
medication adherence.13 However, this study’s device 
could not provide real-time reminders because its 
data had to be synced in clinic at the end of the study 
period. Consequently, the reminders were employed 
without real-time knowledge of medication adher-
ence, and thus did not specifically target patients 
who were missing doses. This is important because 
reminder fatigue, in which a repeated exposure to 
the same alert over time desensitizes a subject to the 
reminder26, has been studied and reported to be both 
excessive and detrimental in various healthcare 
 settings.27,28 Manifestations of harm from reminder 
fatigue include erroneous medication prescriptions 
and inappropriate dosing in computerized physician 
order entry systems.27,28 

To our knowledge, no study using MEMS has yet 
designed an intervention that addresses reminder 
fatigue. Kali Drop (Kali Care, Santa Clara, CA) is a 
novel MEMS device that can monitor medication 
usage in real-time, as an electronic sensor sleeve that 
fits over an eye drop bottle.29 The version used in this 
study was a prototype that fit round bottles such as 
generic latanoprost, as opposed to cylindrical or 
rectangular bottles. As a prototype, the device was 
also novel in that it contained a cellular connection 
in the base unit charger and required neither Wi-Fi 
setup nor an app. To respect patient privacy, this 
prototype did not collect personal data including 
GPS location tracking.

We hypothesised that an intervention which reminded 
the patient only when a medication dose was missed 
could improve adherence by reducing overall 
reminder fatigue. The different variables tested were 
real-time measurements of  eye drop usage without 
any intervention vs. real-time measurements with a 
smart automated reminder. In addition, to better 
understand the key obstacles to medication adher-
ence when using customised phone reminders, we 
collected qualitative feedback by phone counseling 
with a third arm of study subjects who were also 
receiving the intervention. This phone counseling 
was done on a monthly basis and/or if  these 
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subjects consistently demonstrated poor adherence 
of  less than 75%.

Methods
Trial design
We designed a pilot randomised controlled trial 
(RCT) consisting of three arms (see the Consolidated 
Standards for the Reporting of Trials [CONSORT] 
diagram in Figure 1). Arm 1 subjects were the con-
trol group and used the MEMS device for adherence 
monitoring only. Arm 2 subjects, in addition to 
using the device for adherence monitoring, received 
a standardised SMS text notification to their per-
sonal mobile phone following a missed dose. Arm 3 
subjects received the same intervention as Arm 2 but 
also received phone counseling monthly or if  adher-
ence fell below 75% of expected doses. Arm 3 sub-
jects also gave qualitative feedback on the device 
during the monthly phone calls. To perform the ran-
domisation procedure, we used a computerised, ran-
domly-generated list of 1, 2, or 3 to represent the 
three study arms. These numbers were placed in con-
secutively marked, sealed envelopes that were opened 
when we received written informed consent from a 
participant. Subjects were informed of all three 

possible study arms during the consent process and 
were not blinded to their assignment. 

For the entrance survey, each participant reported a 
“medication time”, defined as the average time of 
day when they regularly took their medication. 
During the week-long baseline, subjects did not 
receive any notifications regardless of which study 
arm they had been randomised to. After the week-
long baseline data collection, subjects were able to 
receive notifications according to their randomised 
study arm assignment. Subjects otherwise continued 
with routine follow-up and treatment for their glau-
coma as a part of the standard of care and did not 
undergo additional testing or interventions. There 
was no placebo arm as all subjects received the mon-
itoring device. 

The notification schedule is outlined in Figure 2. We 
set the “medication window” to be at two hours 
before and after the medication time. For example, 
given a medication time of 8PM, we counted a drop 
as taken if  it was taken two hours before the medica-
tion time or one-third of the two-hour window after 
the medication time (i.e. between 6PM and 8:40PM). 
To avoid reminder fatigue, we sent the reminder 

Figure 1: CONSORT Flow Diagram. Reasons subjects were lost to follow-up included: subjects were travelling and decided 
not to take the device with them, subjects were not accustomed to the device so stopped using it, or subjects stopped 

using the device (despite consistent signal from the device confirming the issue was not lack of signal connectivity). One 
subject in Arm 3 requested early discontinuation of  

the study due to a change in residence.
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SMS text at a random time within the remaining 
two-thirds of the medication window after the initial 
third protected time. For instance, a subject with a 
medication time of 8PM would not receive a notifi-
cation within the first third of the medication win-
dow of 2 hours (i.e. in the forty minutes between 
8PM and 8:40PM), but would receive a notification 
at a random time in the remaining two-thirds of the 
medication window (i.e. in the 80 minutes between 
8:40PM and 10PM). This way, subjects who regu-
larly missed their medication time could not antici-
pate receiving a reminder at a set time. 

Subjects who missed their drop and received a 
reminder had the chance to have their drop counted 
any time before midnight that day. For subjects who 
were travelling across time zones during the study, 
we asked them to notify the research team of their 
travel dates. This allowed the device to maintain the 
time of day and reminder window for which the 
 corresponding subject was regularly expected to 
take their medication.

For Arm 3 subjects who received a phone call when 
their weekly adherence dropped below 75%, quali-
tative data was collected to assess reasons why 
 subjects had decreased adherence. This included 
feedback on device convenience, design, and timing 
of  reminders. The 75% threshold was chosen to 

recapitulate a previous study that had also defined 
adherence at this level.13,30

Notifications in this study were in the form of a stan-
dardised, pre-written SMS text message to the sub-
ject’s personal mobile phone. The rationale for a text 
message as opposed to a phone call or other means 
of communication was based on previous research 
demonstrating the ability of text messages to improve 
medication adherence for multiple conditions includ-
ing asthma medication adherence and diabetes 
 management.31,32 Further, studies on the effect of 
text messages on memory have suggested text mes-
sages can motivate behavioural change by affecting 
elements of cognition such as working memory.33 
Subjects were also aware that any SMS text message 
charges would be associated with their cellular plan.

Participants
Patients were recruited from the Stanford University 
Department of Ophthalmology at the Byers Eye 
Institute. To be eligible, patients had to be receiving 
glaucoma care at the Byers Eye Institute, have a 
diagnosis of glaucoma, be at least 18 years of age, 
own a personal mobile phone, be able and willing to 
receive SMS text notifications, and have been pre-
scribed generic latanoprost at a dosage of one drop 
in each eye daily for at least four months without 
adverse effects. The reason for generic latanoprost as 
opposed to other medications was to standardise for 
how well the device fit the bottle. We excluded 
patients if  they were not reliable enough to operate, 
maintain, or keep a mobile phone, were unable to 
administer the eye drop due to physical limitations, 
had a history of eye surgery for glaucoma, had a his-
tory of very poor adherence who did not return for 
visits, or were concurrently enrolled in another clin-
ical research study. 

A member of the research team introduced the study 
to eligible consecutive patients from the clinic popu-
lation during their regularly scheduled visit. Upon 
obtaining written informed consent, all study sub-
jects completed an entrance survey assessing for per-
ceived adherence, time of day they usually took their 
medication, and barriers to access such as cost. 
Collected demographic characteristics included sex, 
age, self-reported race, household income, and 
education. 

Ethics Statement
The Institutional Review Board at Stanford 
University approved this study before its initiation. 

Figure 2: Reminder Configuration. In the example shown 
here, the subject usually expects to use their eye drops 

at 8PM. We used a medication window of two hours, 
meaning the subject was registered as adherent that day 
if they used their drops sometime two hours before 8PM 

or one-third of the two hour medication window after 
8PM (i.e. between 6PM and 8:40PM). Subjects not in the 

control arm who missed this window received a SMS 
text reminder at a random time in the remaining 
two-thirds of the two hour medication window 

(i.e. in the 80 minutes between 8:40PM and 10PM).
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We deidentified all data according to HIPAA guide-
lines and adhered to all principles outlined in the 
Declaration of Helsinki. As all participants were 
already receiving the standard of care treatment, we 
did not need to define any stopping rules.

Device
Prior to this study, the device had already been stud-
ied for technical feasibility, had previously been 
studied at another institution, and at the time of this 
study was concurrently being used in other clinical 
trials commercially outside the US.29 The device is a 
prototype of an add-on electronic sensor that moni-
tors eye drop bottle usage. It attaches over an exist-
ing eye drop bottle, in which the bottom of the sleeve 
carries the electronic hardware and the side of the 
sleeve facilitates the subject’s ability to squeeze the 
eye drop bottle. Further, the sleeve is customised to 
fit the shape of the particular eye drop bottle. 

When trigged by bottle movement, the device sends 
anonymous usage data to an external cloud server. 
An algorithm determines usage pattern to track 
both the pressure on the sides of the bottle and the 
orientation of the bottle itself, so that the device is 
able to measure the number of drops squeezed out 
of the bottle according to how accurately both the 
pressure and orientation of the bottle match the pre-
set algorithm. If  the algorithm is not matched, the 
device interprets this as the subject not having used 
one drop in each eye that day. In this case, an auto-
mated reminder system is triggered for subjects to 
receive a standardised, pre-written text message 
notification on their mobile phone (“Reminder: take 
glaucoma medication”).

Outcomes
The primary end point was adherence to eye drop 
medication use, defined by the proportion of pre-
scribed doses that had been taken each day over the 
total number of days of study participation. Each 
day was a binary data point; either two eye drops 
(presumably one per each eye) had been taken or 
not. Finally, this was within a window of 2 hours 
before or after each subject’s set medication time 
(see Trial Design above). For instance, within a week, 
adherence was calculated as the number of days 
medication had been registered as taken over 7 days. 
We analysed quantitative data collected by the device 
by comparing the average medication adherence (%) 
of the baseline first week vs the final 13th week. 
To gain a visual sense of adherence trends, we also 
analysed the average adherence per week. In total, 

we collected data points for the following time-
stamps: the subject’s medication time, the time at 
which the subject actually took the medication, the 
time at which the subject missed the medication, the 
time at which the subject was sent a reminder notifi-
cation, and the time at which the subject took the 
medication after having received a notification.

Arm 3 subjects who received phone calls were inter-
viewed to assess reasons for nonadherence and to 
receive feedback on the device. This was adapted 
from the Glaucoma Treatment and Compliance 
Assessment Tool GTCAT and a previous pilot study 
on health coaching in glaucoma medication adher-
ence.34,35 Key elements of the interview were as 
 follows: (1) we told subjects their adherence data to 
assess if  informing them of their adherence was in 
itself  an intervention that could change behaviour, 
(2) counseled them regarding questions on device 
usage and timing of their reminders, and (3) 
answered any other questions they had about their 
glaucoma medication regimen. 

Statistical Analysis

We reported adherence as a continuous variable with 
comparison of means by Student’s t-test and com-
pared variances by Fisher’s-test. To achieve 80% sta-
tistical power, our calculated target sample size was 
16 subjects per arm assuming a mean adherence of 
75% before intervention, improvement in adherence 
of 20% after intervention, and a Type 1 error of 5%. 
No correction was made for multiplicity.

Results
Recruitment and demographics
Demographic data is outlined in Table 1. A total of 
50 out of 78 consented subjects (64%) participated 
in the study. Quantitative data was collected from 
the prototype for all subjects who participated in the 
study and qualitative reasons for drop out were col-
lected and communicated to Kali. The first subject 
was enrolled in June 2017 and the last subject was 
enrolled in November 2017 with subsequent fol-
low-up until February 2018. The subjects who fin-
ished the study (63.6 ± 12.33) were on average 8 years 
younger than the 28 subjects who did not begin the 
study (71.07 ± 13.27; p = 0.03). 

Efficacy of the device on adherence
The primary objective of this pilot RCT was to deter-
mine if  real-time monitoring coupled with  custom 
notification reminders could improve adherence, 
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namely by comparing the baseline versus final 
adherence between Arm 1 and Arm 2. We defined 
the baseline adherence as the average adherence of 
the first 7 days (week 0) while the final adherence 
was defined as the average adherence of  the last 
7  days (week 13). The Arm 1 baseline adherence 
was 75.89 ± 7.11% versus the final adherence was 
54.76 ± 14.95%, representing a 28% decrease from 
baseline. By comparison, the Arm 2 baseline adher-
ence was 78.57 ± 6.76% versus the final adherence 
was 60.71  ± 13.70%, representing a 23% decrease 
from baseline. Finally, the Arm 3 baseline adher-
ence was 72.32 ± 8.60% versus the final adherence 
was 66.67 ± 7.06% adherence, representing only an 
8% decrease from baseline. Nevertheless, none of 
the changes between baseline and final adherence 
were different between Arms 1 and 2 (p = 0.12) or 
Arms 1 and 3 (p = 0.34).

To gain a visual understanding of  adherence as 
 subjects progressed through the study, we outlined 
weekly adherence trends (Figure 3). Arm 1 sub-
jects had an initial decline in adherence, reaching 
its lowest adherence of  42.86 ± 14.03% at 7 weeks, 
down from its baseline adherence of  75.89 ± 
7.11%. This marked a statistically significant dif-
ference from Arm 2, which at the 7th week had 
maintained its adherence at 78.57 ± 5.13% 
(p  =  0.01). Further, the difference in variance 
among all weekly adherence values between 
Arms 1 and 2 was significant, with 102.21 for Arm 
1 versus 32.92 for Arm 2 (F-test, p = 0.05). After 
the 7  week mark, Arm 1 adherence appeared to 
increase to the same adherence as Arm 2 subjects 
throughout the remainder of  the study. However, 
the apparent increase in adherence for Arm 1 
between weeks 7 and 12 was confirmed to be due 
to selection for subjects who remained in the study 
and were consistently adherent anyway.

Similarly, a comparison between Arms 1 and 
3  showed significant differences at weeks 6 and 7 
(Figure 4). Specifically, Arm 3 adherence peaked at 
90.48 ± 4.12% compared to Group 1 at 46.43 ± 
15.68% (p = 0.01). The following week, this differ-
ence maintained statistical significance with Arm 
3 adherence at 82.14 ± 6.47% versus Arm 1 adher-
ence at 42.86 ± 14.03% (p = 0.02). To determine if  
the additional phone calls for group 3 accounted for 
this difference, we compared adherence between 
Arm 2 and Arm 3 and found no statistical difference 
over all weeks of the study (lowest p = 0.15; 
Supplementary Figure 1). 

Impact of the device on participants with full 
completion of the study
A comparison between Arm 1 and 2 subjects who 
did not drop out at any point during the study 
demonstrated no significant difference in adherence 
across all thirteen weeks of the study (lowest 
p = 0.08; Supplementary Figure 2). Nor was there a 
significant difference in the variance between groups 
1 and 2; the variance of group 1 was 171.22 while the 
variance of group 2 was 72.19 (p = 0.13).

Discussion
This study assessed if  real-time custom notifications 
provided an intervention that could improve medi-
cation adherence. In accordance, we found that 
 subjects receiving real-time custom notifications 
(Arm 2) were able to maintain their baseline adher-
ence over a longer time span in the thirteen-week 

Baseline Characteristics N (%)

Age  
< 50 7 (8.97)
50–59 11 (14.10)
60–69 19 (24.36)
70–79 29 (37.18)
≥ 80 12 (15.38)
Mean ± SD 68.14 ± 12.53
Gender
Female 35 (44.87)
Male 43 (55.13)
Race  
Black or African American 3 (3.85)
White 36 (46.15)
Asian/Pacific Islander 29 (37.18)
Hispanic or Latino 6 (7.69)
Other 2 (2.56)
Declined to answer 2 (2.56)
Household income  
Less than $10,000 11 (14.10)
$10,000 to $149,999 36 (46.16)
$150,000 or more 25 (32.05)
Declined to answer 6 (7.69)
Education  
No college degree 14 (17.94)
 Bachelor’s or trade/technical/
associate degree

28 (35.90)

Master’s degree 22 (28.21)
Doctorate degree 14 (17.95)

Table 1: Demographics of Baseline 
Characteristics (n=78)
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study compared to the control group (Arm 1). 
Although comparing baseline versus final week 
adherence demonstrated no statistically significant 
difference between Arms 1 and 2, this approach may 
not have been sensitive enough to discern a signifi-
cant difference. We reasoned this could have been 
due to attrition bias, as the subjects who were likely 
to drop out early were also likely to have worse 
adherence and that further, this phenomenon may 
not have occurred equally among the three arms. In 
retrospect, the effects of attrition bias could have 
been minimized with factors such as a larger sample 
size and a standardized protocol for home setup.

In line with a previous study that analysed adher-
ence via visual representation of adherence data and 
identified four easily-defined patterns of adherence 
(good adherence, discontinued usage, frequent drug 

holidays, and frequent missed doses with low adher-
ence rates), we graphed weekly adherence to assess 
how usage trends differed among our three study 
arms.14 Indeed, by week 7 the intervention had led to 
a significant difference in adherence between Arms 1 
and 2, with Arm 1’s graphical representation most 
closely resembling increasingly frequent missed 
doses with each week while Arm 2’s graphical repre-
sentation most closely represented good adherence. 
This was supported by a similar finding when the 
control arm (Arm 1) was compared to the group 
that, in addition to receiving texts for missed doses, 
also received monthly phone calls and/or if  adher-
ence fell below 75% (Arm 3). This difference was 
likely driven primarily by the custom text notifica-
tions instead of phone calls, as there was no differ-
ence in adherence across all weeks of the study 
between Arms 2 and 3 (lowest p = 0.15). 

Figure 3: Weekly Adherence Trends Between Arms 1 and 2. Arm 1 subjects had an initial decline in adherence, reaching its 
lowest adherence of 42.86% at 7 weeks, which increased to roughly the same adherence as Arm 2 subjects during weeks 

7 to 13. Meanwhile, Arm 2 subjects maintained a relatively steady adherence. The difference in variances between the 
arms was significant, with 102.21 for Arm 1 versus 32.92 for Arm 2 (F-test, p = 0.05). Week 7 also had a significant 

difference in mean adherence, with Arm 1 at 42.86 compared to Arm 2 at 78.57 (Student’s t-test, p = 0.01). To account 
for weekly drop off, the remaining number of subjects in each arm is shown per week along the x-axis.
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Further, when we analysed the average adherence of 
the subjects who completed the full thirteen-week 
study, we found no significant difference in adher-
ence between Arms 1 and 2 (p = 0.08, Supplementary 
Figure 2). This suggests that the subjects who had 
the perseverance to use the device throughout the 
study period were going to maintain their adherence 
regardless of whether they received reminders or 
not. This suggests this subgroup of study-compliant 
individuals were able to maintain their adherence 
through behavioural mechanisms that do not neces-
sarily require reminders but rather interventions 

such as education and environmental restructur-
ing.36 For instance, several compliant subjects quali-
tatively reported not believing that they relied on the 
device’s notifications because their eye drops were 
left next to their toothbrush or glasses, i.e. associ-
ated with an object they used every day. Furthermore, 
home setups of the devices were not standardized 
which may have contributed to a reporting error or 
measurement error in the data. 

Demographically, the subjects who finished the 
study were on average 63.6 years old, which was 

Figure 4: Weekly adherence trends between Arms 1 and 3. There was a significant difference in Arm 1 versus Arm 3 
adherence at two different weeks in the middle of the study. First, at week 6 when Arm 1 adherence was 46.43 versus 

Arm 3 adherence was 90.48 (Student’s t-test, p = 0.01) and second, at week 7 when Arm 1 adherence was 42.86 versus 
Arm 3 adherence was 82.14 (Student’s t-test, p = 0.02). There was no significant difference in the variance between Arms 
1 and 3; variance of Arm 1 was 102.21 while variance of Arm 3 was 55.98 (F test, p = 0.29). Yellow arrows indicate timing 

of when monthly phone calls were made for Arm 3 subjects. To account for weekly drop off, the remaining number of 
subjects in each arm is shown per week along the x-axis.
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approximately 8 years younger than the subjects 
who consented to but did not begin the study 
(p  =  0.03; Table 1). Possible reasons include that 
older patients were less willing to participate in a 
study and/or were less able to use the device due to 
ongoing conditions such as arthritis or dementia. 
Although this is consistent with prior work that did 
not find adequate evidence showing that elderly 
patients have poorer adherence than younger 
patients,37 in a previous study conducted by Kali 
Care with their monitoring device, adherence did 
tend to increase with age (r = 0.673, p <0.001).29 
Further investigation of glaucoma medication 
adherence in elderly patients may require clarifying 
differences between elderly patients who manage 
their own care versus those who rely on younger 
caretakers or family members. 

Limitations of this study included the small sample 
size which may have precluded the achievement of 
statistical significance in baseline versus final week 
adherence among the study arms. Another limita-
tion was the prototype was designed to only fit bot-
tles of generic latanoprost, which limited the number 
of eligible subjects for the study and could have led 
our study to select for subjects of a given socioeco-
nomic status. Further, the prototype’s inability to 
automatically update the system to account for a 
change in time zone if  a subject traveled; for this 
study we could only update time zones manually for 
patients who told us of their travel plans. A possible 
solution could be installing GPS tracking in future 
versions to automatically maintain customised 
reminders across time zones, although this innova-
tion would need to be balanced with each subject’s 
permission for tracking their location. In addition, 
while the Hawthorne effect on medication usage is a 
consideration in any electronic monitoring of medi-
cation usage, it was of less concern for this study 
because both our control and intervention subjects 
were aware of being monitored.38 A previous study 
of medication usage in glaucoma patients supports 
this point, as they compared open versus masked 
monitoring and found no significant difference.39

Future work includes running a clinical trial with a 
larger sample size to further validate the findings of 
this pilot study. Additional features of this study 
should include broadening the medication window 
from two hours to a more forgiving time window 
and introducing personalised health coaching at the 
start of the study, which has been shown to improve 
medication adherence not only for glaucoma13 but 
also for other chronic conditions including Type 2 

diabetes mellitus40 and chronic obstructive pulmo-
nary disease.41 Finally, a more focused way to pre-
vent reminder fatigue could involve incorporating 
artificial intelligence (AI) technology for writing 
unique SMS texts that never repeat the same mes-
sage and are personalized to each subject.

Conclusions
This randomised clinical trial piloted an innovative 
prototype that provided real-time monitoring cou-
pled with custom notifications and found that sub-
jects receiving these notifications were able to 
maintain their baseline adherence over a longer time 
span than the control group. Future studies may aim 
to include a randomized clinical trial with a larger 
sample size and varied reminders with more custom-
ized or dynamic parameters. 
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