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The Burden of Nonadherence

n the United States, over 3.8 billion pre-

scriptions are written annually.’ Medica-

tion adherence, or taking prescription
medication as directed, is an essential part of
patient treatment. Nonadherence is a major
public health problem with numerous impli-
cations, both for an individual’s health and
population health. Studies have shown over
50% of adults do not achieve adherence to
their medications contributing to as many as
125,000 deaths and between 33% to 69% of
hospital admissions annually and placing a
significant financial burden on the health
care system.” ' The World Health Organiza-
tion states that increasing the effectiveness of
adherence interventions may have a far greater
effect on the population’s health than any
improvement in specific medical treatment.’

Barriers to Medication Adherence

More medications are administered by patients
and families in home-based settings than by
clinicians in hospitals and clinics combined,
making medication adherence largely the re-
sponsibility of patients.”” Unfortunately,
home-based settings are associated with medi-
cation nonadherence and little if any guidance
is given to patients on how to be adherent to
their prescriptions.” ' Many factors can affect
medication adherence, whether on an individ-
ual level or a system-wide level; examples
include patient comprehension, prescription
cost or supply, or social pressures.'' These
factors interrupt the process of medication
adherence, which can be further broken
down into 3 components: initiation, imple-
mentation, and discontinuation.’” Nonadher-
ence occurs when any of these components
are affected, such as the failure to start treat-
ment, issues with maintaining the prescribed
regimen, or discontinuing the treatment
early.'” Using this taxonomy, forgetting to
take medication, which affects

implementation, is one of the most common
unintentional barriers to medication adher-
ence and is a particularly ripe area for digital
health interventions to support home medica-
tion management."'

The Role of Digital Technologies

Although forgetfulness is one of the major bar-
riers to medication adherence in patients’
homes, it is one that may benefit most from in-
terventions involving digital technologies.
Traditional aids to medication adherence are
quite prevalent in retail pharmacies and online
in the form of pill cases with separate compart-
ments for the different days of the week.'’
However, digital devices are becoming more
common to address medication adherence.
On the simplest level, these include the use
of a smartphone, smartwatch, or home assis-
tant to set alarms or notifications. For users
of prescription bottles, products like the
GlowCaps lid can help with adherence by
recording when the bottle was opened and
uses auditory or visual cues to alert the patient
when it has not. Pill cases have been enhanced
with timed notifications and sensors indicating
when a pill case compartment has been
opened. Some devices, like Hero and Med-
Minder, are dispensers with timed notifica-
tions and associated applications. Recording
that a medication was taken—or at least
removed—opens up possibilities of moni-
toring adherence behavior and notifying fam-
ily caregivers or emergency contacts.
Applications are prevalent tools for managing
a medication schedule, either standalone or
as part of a cap, container, or dispenser. Pop-
ular examples include the MediSafe applica-
tion'* and the Medications application on
the Apple Watch, which offer features such
as notification reminders, symptom tracking,
and medication history. A survey study by
the first author with 1673 respondents found
that the 19% of respondents using
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IMPROVING MEDICATION ADHERENCE WITH DIGITAL TECHNOLOGY

smartwatches to remind them to take their
medication reported the lowest rate of ever
forgetting to take a medication. The smart-
watch was the only digital reminder method
that was significantly associated with self-
reported adherence. Of note, the Apple Watch
added a medication application, but only after
the survey was conducted.

Many of these devices and applications
rely on time-based reminders, where a visual
or auditory alarm or text notification is trig-
gered at a specified time of the day. These
occur daily and are automatic, regardless of
where patients are or what they are doing,
including that they may have already taken
medication or may not be positioned to hear
or see the alert. Whether the alert comes
through the device itself or goes directly to
the patient’s smartphone or smartwatch, and
whether there are any additional features
offered, depends on the type and complexity
of the technology. In an interview study with
older adults conducted by the first author,
the majority (91%) of the 22 participants
took their medication during a time range
tied to a routine, whereas only 9% reported
taking medication at an exact time every day.
Daily schedules often have inherent flexibility,
thus time-based reminders maybe an artificial
construct that is more annoying than
helpful."”

Limitations of Digital Technologies for
Medication Adherence

Despite the many digital devices available,
adherence continues to be an unresolved pub-
lic health problem. Although alerts can be
effective initially, their long-term sustainability
and effectiveness are uncertain. Furthermore,
most devices and applications lack health
care provider or patient involvement during
development,'®™ "% which would help ensure
patient needs are being met and may lead to
high quality and reliable content and even
evidence-based design.'” Notification or alert
fatigue, a term coined for the large volume of
notifications an individual can receive on a
smartphone or smartwatch, can result in peo-
ple ignoring or turning off the alerts. Most
notification-based ~ systems are triggered
regardless of whether the medication was
taken or not, which likely negatively affects
the effectiveness of the notification system

over the long term.'® Finally, although appli-

cations that ask about missed doses and docu-
ment information about side effects provide
useful information to physicians, patients
need to self-report that information. Although
self-reporting maybe plausible for short-term
medications, those looking to build long-
lasting habits are unlikely to continue to re-
cord this information manually, which can
potentially lead to unreliable reports. If an in-
dividual misses a dose of medication, they may
also miss recording this in their application.

Bolstering the Effectiveness of Digital
Technologies

If new technologies are developed to improve
medication adherence, a shift away from time-
based reminders could be beneficial. Patients
who are trying to develop a medication
regimen are adding a new habit into a pre-
existing daily routine. An activity-based
reminder that is only activated when needed,
as opposed to at the same time daily, maybe
more acceptable to patients as these reminders
are designed to remain invisible until trig-
gered. An approach, the authors are devel-
oping uses a failsafe approach that mimics
that of a seatbelt alarm, which is only activated
when both the ignition is turned on and the
seatbelt is not latched. In the case of medica-
tion adherence to a morning dose, the failsafe
could be tied to a daily morning activity.
Would patients respond to notifications trig-
gered if they made their morning coffee but
had forgotten to take their pills? This example
could be personalized to the individual's
routine, whether the failsafe is triggered by
coffee making, opening a bureau drawer or
closet, using a toothbrush, or taking a shower.
The design of this intervention focuses on
portability, to accommodate travel when envi-
ronments and routines may change. Such
technology may especially interest older
adults, who are motivated by a desire to live
independently for as long as possible.'” Other
novel approaches include those that use math-
ematical modeling to recognize patient
medication-taking behavior,”’ recognize the
hand motions associated with taking medica-
tion,"” or deploy specialized pill bottles that
register when they have not been opened at
the right time.'" Further exploration is needed
of concepts using as-needed reminders rather
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than daily ones, and evaluating not just the
benefits and effectiveness at improving adher-
ence, but also potential drawbacks, such as
cost, ease of setting up, and ease of using.

Although new technology is a vast area to
be explored, current technology need not be
abandoned. Is there a way to leverage existing
tools to better support medication adherence?
What methods might bolster their effective-
ness? For instance, research by the first author
found several medication storage locations
that were significantly associated with not
forgetting to take medication for middle-aged
and older adults. Patients who chose a night-
stand, for instance, had better adherence
than those who used their kitchen cabinets."”
Could changing the location where medica-
tion is kept—and even optimizing selection
for a patient’s first prescription—improve
adherence? Going 1 step further, could we
design nightstands optimized for medication
containers or design medication containers
optimized for nightstands? The only location
in many homes that is seemingly designed
for medication is the medicine cabinet, but
the first author’s research found that it was
not associated with adherence. Furthermore,
the use of it presented concerns about medica-
tion safety because of exposure to temperature
and humidity. Finally, new approaches, such
as co-design to include patients as designers,
not just recipients of designs, may lead to in-
novations that fit better into patient lives and
are a pleasure to use.'”

CONCLUSION

Despite the limitations of currently existing
medical devices and applications, there is a
role for technology in improving medication
adherence. The authors propose innovative
approaches that may increase the effectiveness
of adherence devices and therefore have a
greater impact on improving adherence. The
timing is right to introduce new interventions,
as there is a rising trend in medication nonad-
herence across all age, sex, and racial groups in
the United States, and smartphone and smart-
watch use is highly prevalent.”’ With the right
combination of tactics, digital technology
could address a serious public health problem,
resulting in reduced hospitalizations and
deaths, billions of dollars saved, and more
adults able to live independently for longer.
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