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ence in this population, the unique barriers and enablers of good adherence behav-
iours, and the role of emerging digital health technologies in bridging the gap
between evidence-based treatment plans and the real-world standard of care. We
present the current evidence supporting the use of digital health interventions among
CKD populations, identifying the key research questions that remain unanswered,
and providing practical strategies for clinicians to support medication adherence in a

digital age.
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Summary at a glance

This manuscript reviews the current evidence for the use of digital health technolo-
gies to enhance medication adherence in chronic kidney disease populations. Practi-
cal strategies and considerations for integrating technologies into clinical practice are

provided.
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1 | INTRODUCTION

Chronic kidney disease (CKD) poses a major risk to the wellbeing of
those affected, with a risk of impaired quality of life and reduced life
expectancy, and imposes a formidable economic burden on health
care systems caring for such individuals. A variety of medications are
used in the management of CKD to reduce the progression to kidney
failure, to ameliorate the high risk of cardiovascular complications, to
address symptoms that can deleteriously affect quality of life, and to
manage common co-morbid conditions such as diabetes and elevated
blood pressure.*™3 People with CKD are often prescribed complex
medication regimens and are tasked with understanding and taking
these medications appropriately, often for the remainder of their life.?
Unsurprisingly, adherence to medications, defined as the extent to
which patients take medications as prescribed by their health care
providers,* is suboptimal and a significant clinical challenge. Lower
levels of medication adherence are associated with increased rates of
hospital admissions, poorer health outcomes, increased morbidity and
mortality and increased health system costs.® It is therefore a major
public health priority to explore innovative and evidence-based strate-
gies to improve medication adherence, and digital health develop-

ments provide a promising new avenue for change.

2 | MEDICATION ADHERENCE

Despite the rapid advancement in medication development, medica-
tion non-adherence remains at an estimated 40%-60% in developed
countries among people with chronic disease.®™® Traditionally, medi-
cation adherence has been viewed as static and dichotomous (i.e., a
person is adherent or non-adherent).” However, medication adher-
ence is dynamic and varies in response to factors such as disease

activity, treatment methods and psychosocial factors.”'° Adherence

has been conceptualized into three core components: initiation, imple-
mentation and persistence.”*° A fourth concept, primary non-adher-
ence, where a patient is prescribed a medication but never fills a
prescription, is differentiated from these other components of adher-
ence (Table 1). While non-adherence may reflect an individual's
autonomy in self-management, or their decision not to consent to an
ongoing treatment based upon their own interpretation of the risk/
benefit profile,'? it remains an important surrogate marker for a vari-

ety of patient-important health outcomes.”

3 | MEDICATION ADHERENCE IN CKD

Chronic kidney disease poses challenges for optimizing medication
adherence as people with advanced CKD require an average of 10 reg-
ular daily medications.? Adherence can be significantly complicated by
the complexity of the medication schedule, medication-related symp-
toms, and psychosocial burdens which may be disease-related or con-
comitant.11?1® Table 2 highlights the various reported adherence
rates in CKD populations. Medication adherence rates vary signifi-
cantly between studies, in part due to differing definitions and
measures,'* with objective measures such as pill counts and prescrip-
tion refills tending to indicate worse adherence rates than patient
self-report by validated questionnaires, or less specific measures such
as serum phosphate levels.'* Nonetheless, it is clear that medication

non-adherence is a key issue in CKD management.

3.1 | Risk factors for medication non-adherence

in CKD

There are well-established risk factors for suboptimal medication-

taking behaviours, including demographic (e.g., younger age, male),

Potential role for digital technology

TABLE 1  Continuum and components of adherence”*°

Component of

adherence Description

Primary When a patient never fills a prescription. A large retrospective
non- study estimated that 28% of patients never filled a new
adherence prescription, with highest primary non-adherence rates found

for diabetic, anti-hypertensives and lipid-lowering drugs®®
Initiation When a patient begins taking a medication

Implementation
(or execution)

Persistence

Discontinuation

When a patient takes a medication, often measured as the
proportion of prescribed pills that are taken in a given time
frame

When a patient continues to take a medication continuously
over longer intervals

There is some evidence to suggest that approximately 40% of
patients discontinue medications within 1 year*°

When a patient stops taking a medication

Can be monitored through electronic prescribing with linkage
to pharmacy dispensation data

Minimal research into digital health strategies to improve
primary non-adherence

Can be monitored through electronic pill boxes or other
monitoring systems

Minimal research into digital health strategies to improve
initiation

Some demonstrated efficacy of text message programs,
smartphone applications, and the use of the ‘internet of
things’ to provide education and reminders that boost
implementation and persistence of medication-taking

Minimal research into digital health strategies to reduce
discontinuation rates
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TABLE 2 Medication adherence in various CKD populations

Chronic kidney disease

Approximately 30% of people are non-adherent to blood pressure
lowering medications*° resulting in an estimated 57% increased
risk for progression to ESKD, and a 45% and 126% increased risk of
cardiovascular events and death, respectively'®¢

Dialysis
Similar to CKD populations, approximately 38% of people are non-

adherent to blood pressure lowering medications?
Non-adherence rates for phosphate binders average 50%

Transplant

Estimated non-adherence to immunosuppression estimated to be
36% among kidney transplant recipients (compared to 7-15% in
other transplant populations)” resulting in 1.5 times the risk of
acute rejection and 65% higher risk of graft loss'®

cultural (e.g., non-Caucasian ethnicity) and psychosocial (e.g., forgetful-
ness, depression, anxiety, lower socioeconomic status, lower level of
education, lack of social support and poor treatment engagement) fac-
tors in people with CKD.1 31219721 Forgetting medications remains the
most significant patient-reported reason for sub-optimal adherence,®*
raising the possibility of medication reminders as an intervention strat-
egy. The relative importance of individual predictors of non-adherence
appears to vary across different clinical settings or stages of CKD. For
example, while men show higher rates of non-adherence in predialysis
CKD and transplant, this is not the case in dialysis, where men and
women show similar rates of non-adherence to phosphate binders.2>2
Similarly, while low education levels in people with a functioning kidney
transplant predicts poor adherence, this is not seen in the dialysis-
dependent populations. The reasons for such differences are not clear,
and further evaluation is required.

The impact of out-of-pocket cost on treatment adherence is sig-
nificant and widespread, affecting those in both high- and low-middle
income countries, but with a disproportionate impact upon low socio-
economic households and the uninsured.?? Out-of-pocket costs are
associated with poorer medication adherence, skipping of dialysis ses-
sions, and forgoing of treatment altogether, leading to worse patient
outcomes.??

Health literacy (HL), reflecting the cognitive and social skills that
determine a person's motivation and ability to access, understand and
use information to promote and maintain good health, can also signifi-
cantly influence adherence.?® In CKD, poor HL is estimated to affect
approximately 25% of the population, and is associated with medica-
tion non-adherence, more rapid deterioration in kidney function, and
higher mortality rates.®

Qualitative interview studies with people with CKD have described
numerous enablers and barriers of appropriate medication-taking
(Figure 1).2472¢ Factors that may support appropriate medication-taking
include people's perception that medications can improve their future
health and symptom burden. Medications that could slow disease pro-
gression are often prioritized. Patients reported personalized strategies,
stable and established routines, and clinician rapport helped to maintain

better adherence. However, lack of education regarding medication

benefits may lead to patients changing or ceasing their medications,
particularly those with adverse side effects - ‘some medicines make

me dizzy...it is a problem as | get no support at home’*.?®

4 | METHODS TO IMPROVE MEDICATION
ADHERENCE IN CKD

Improving medication-taking requires a multidimensional approach,
exploring patient factors (knowledge, beliefs about consequences,
behavioural regulation, memory and decision-making processes), envi-
ronmental factors (access, cost) and health system factors (patient-
clinician communication).2**?” Examples of interventions that have
improved medication adherence in CKD have included cost subsidies
for phosphate binders and multidisciplinary team patient education.?®
However, such interventions may be time-consuming and costly. The
introduction of technology and digital health and its incorporation into
medication management may provide new and revolutionary methods
in addressing key components of the adherence constructs.

5 | USINGDIGITALTECHNOLOGIES TO
IMPROVE MEDICATION ADHERENCE IN CKD

Over recent decades, the rapid evolution of digital technology has
resulted in unprecedented opportunities to connect with patients and
promote improvements in health behaviours such as medication
adherence. These approaches differ widely in mode and style, but can
be grouped under the concept of digital health or eHealth, defined
broadly as ‘health services and information delivered or enhanced
through the Internet and related technologies’.?° This umbrella term
includes interventions as diverse as text message programs and
mobile phone applications (together known as mHealth®°), the ‘inter-
net of things’, and social media engagement. They can revolve around
education, behavioural counselling, self-monitoring, reminder systems,
clinical decision aids, or combinations of purposes.>!

The potential of digital health interventions lies in the ability to
provide access to education and support regardless of geographical
location, reduce the patient-borne costs related to travel and clinic
appointments and reduce clinician burden and time. Digital interven-
tions may target modifiable patient-factors and behaviours, however
not all factors associated with poor medication adherence can be tar-
geted by digital interventions. While there are evolving opportunities,
many questions remain to be answered, including which patients are
most likely to benefit, which technologies are most likely to yield
results, and how they should be applied in a way that is patient-
centred, sustainable, and cost-effective.

5.1 | Electronic prescribing

The use of electronic prescribing, rather than providing patients with

a paper script that could be misplaced, may be associated with an



2 | \WiLEY_INEPHROIGGY WG ORARAET A
,1' ------------- \
Patient Factors /  Patient Factors
/ %

Positive medication /, * Lack of knowledge ‘\

perceptions /' * Lifestyle disruption Y

Prioritising health { * Negative attitudes %

e S S s T \

Reduced symptom and perceptions of / / \

S +/ System Factors
burden medications / 4 \
Self-efficacy / ¥ \

X ¥ \
\ /g ¢ Cost L
VIITIIIIIIIIT ¢ o Availability and Y
’ LR ’
Clinician F ,' Clinician F XN access K4
Inician Factors /' Hicinnkactors \ 4* Time constraints /',
" Y
Stable regimens /'« Contributing to 5 /',
. go An
.Prowdmg. clear polypharmacy ¢, U A
information { + Breakdownin J pemm—m———————
Trusted \\\ patient-clinician ’/ 7 w \\
relationship \ communication Medication Factors \
Opesi \\ ,I'/ . Larg? or‘unpalatable \\
communication % 27 medications \
N </ * Llackof symptomatic s
\ improvement 74
\
\, * Regimen complexity /’
Enablers Barriers ‘* Medication-related /
A\

FIGURE 1

improvement in primary adherence of 10%.> More sophisticated elec-
tronic prescription software can also receive dispensation data from
pharmacies,” which could help to monitor for primary non-adherence,
later non-adherence, or discontinuation. The clinician could then dis-

cuss any adherence barriers during the next office visit.

5.2 | Mobile phone text messaging

Mobile phone text messaging is a promising eHealth medication
adherence intervention, with an emerging body of work supporting
efficacy in facilitating consistent medication use in chronic disease
populations. A meta-analysis of 16 randomized controlled trials,
including several chronic disease populations such as people with
that text

messaging programs were associated with a doubling of the odds of

elevated blood pressure and asthma, suggested
medication adherence (odds ratio [OR] 2.11; 95% confidence interval
[CI] 1.52-2.93; p < 0.001) from an assumed baseline of 50%, and
resulted in an estimated absolute increase in adherence of 17.8%°2
These interventions primarily provide medication reminders, which
help to address forgetfulness as a key adherence barrier.®> They may
also be used to provide education to address the negative attitudes
towards medications and to support self-efficacy and self-manage-

ment, although the effect of text messaging on facilitating knowledge

Authors' synthesis of barriers and enablers reported by patients with CKD through qualitative studies

side effects /

24-26

and self-management in chronic disease remains unclear and is likely

.32 interventions can

context-dependen Whether text message
improve, or take into account, factors such as HL remains unknown.
Text message programs have the added benefit of being low-cost
interventions using ubiquitous technology,®® which could be particu-
larly advantageous in developing countries where there may be less
access to face-to-face education and support.

There are few examples of text message programs rigorously
assessed in people with CKD or kidney transplants, and these have
been limited by small sample size and short duration.** A study of
34 adolescents and young adults with CKD found improvements in
electronically monitored adherence with the use of a 8-week program
of education and support text messages (p = 0.04).3* There was no
significant change in self-efficacy scores. In the TAKE-IT randomized
trial, 169 adolescents or young adults with kidney transplants
received regular text messages, e-mails and/or visual cue dose
reminders, and third monthly face-to-face coaching sessions
12 months, resulting in significantly greater odds of taking medica-
tions at or near the prescribed time (OR 1.74; 95% ClI 1.21-2.50).%°
The intervention was based upon a self-management model, although
self-management confidence was not assessed.

Designing a text message intervention requires many strategic
decisions that could influence the efficacy and acceptability. Given

the limited number of clinical trials in this space, there is scant
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evidence to guide decisions about design features, including how best
to adapt text messaging interventions to specific clinical contexts.
Text message personalisation, such as inclusion of the participant's
name, may improve engagement.>? Programs have shown benefits
regardless of whether the messages were unidirectional or two-way
communication.3? The frequency of messaging also requires careful
consideration, with the majority of interventions in chronic disease
populations involving daily messaging.3? In a study of people dis-
charged from hospital with elevated blood pressure, 94% of partici-
pants who chose to receive text medication reminders opted for a
daily frequency, and 97% of those who chose to receive informational
texts selected a thrice-weekly frequency.®® The optimum strategy
may vary according to the clinical setting and the recipient's own pref-
erences. Lastly, the appropriate duration of text message interven-
tions is unclear, and is likely context-dependent; simple text message
education programs may only require a short program, while some
individuals could potentially benefit from receiving text message
adherence reminders indefinitely. There is a need for randomized
assessment of whether user-determined customisation of interven-
tion duration and frequency may help to better service an individual's

needs.®2

5.3 | Smart phone applications
Smartphone applications, or ‘apps’, also provide potential opportuni-
ties for enhanced adherence, and a host of different applications have
been developed,®” although few have been evaluated in clinical trials.
Among people with chronic disease, such applications have been
associated with small improvements in medication adherence.*® Pro-
ducing an application of ongoing utility is, however, challenging. In the
iNephro Project, 11 688 smartphone users with chronic health condi-
tions such as CKD downloaded the 'Medication Plan’ application
which allowed creation of a medication list, and the sending of ‘push-
notification’ alerts to remind users about taking their medications.>’
The use of the intervention declined over the first 2 months, and by
12 months only 1% of users were regularly using the application. The
effect upon adherence was not measured.

For individuals with advanced CKD, Ong and colleagues designed
a smartphone application to facilitate medication management, blood
pressure monitoring, symptom assessment, and tracking of laboratory
results.*® Across 45 participants, 127 discrepancies in home medica-
tion use were identified, including patients taking medications that
were not prescribed, were prescribed at a different dose, or had been
previously ceased. While these discrepancies could reflect patient
autonomy and self-management leading to evolving treatment strate-
gies, differences from the documented care plans may increase the
risk of communication breakdown and subsequent errors in shared
decision-making and management. Medication adherence data was
not reported, although the intervention was associated with a
3.5 mmHg improvement in systolic blood pressure control (95% ClI
—1.8 to —5.0 mmHg). The majority of participants (~77%) expressed
interest in continuing use of the application after the 6-month study

period, and most reported that they felt more confident and in control
of their CKD management after the intervention, reflecting improved
self-efficacy.

A smartphone application designed to improve general medica-
tion adherence among 138 Korean individuals who had received kid-
ney transplants did not, however result in significant improvements
over 6 months.*? The use of the application, which provided medica-
tion reminders, an educational video about the importance of immu-
nosuppressive therapies, and adherence tracking, declined to only
11.5% by 3 months, with the difficulty in engaging patients likely
diminishing any intervention effect. There was a trend towards higher
adherence rates among those individuals who engaged with the appli-
cation beyond the first month. The authors suggested that better
engagement might be achieved with improved personalisation and
feedback, and through introducing the intervention at a critical junc-
ture such as soon after receiving a kidney transplant. There may also
be a discrepancy between clinician and patient opinions about what
constitutes a helpful application, which could contribute to low
engagement; in a systematic assessment of available kidney-specific
smartphone applications, nephrologists' and patients' assessment of
application quality were poorly correlated.®” There is a clear need for
consumer engagement throughout the design and development of
interventions and for further research to identify strategies and/or
design features to improve participant engagement.

5.4 | The ‘Internet of things’

The ‘Internet of things’ is a broad term for the range of ‘smart’
devices that use an Internet connection or near-field communication
technology to form an integrated network.*® Innovation is progressing
rapidly in this field, with the potential to support and improve adher-
ence. For example, McGillicuddy and colleagues developed an applica-
tion that received data from an electronic medication dispenser and a
sphygmomanometer to generate context-specific text messages to
promote adherence, and demonstrated significant improvements in
both adherence and clinic-measured blood pressure.*' Post-
intervention surveys suggested high levels of satisfaction with the
program.

In another study involving electronic pill boxes, 120 people with
kidney transplants were all provided sophisticated pill boxes with
three variations in function.** In the control group, the pill boxes mon-
itored adherence. In the second group, the pill bottles also emitted a
chime and illuminated a light to indicate when a dose was due, and
patients could also set customized medication reminders by texts,
telephone calls, alarms and/or e-mails.** In the third group, there was
the addition of a fortnightly notification sent to the treating physician
when adherence dropped below 90%. Adherence in the second half
of the 180-day intervention period was 24% higher with the pill bottle
alerts and customized reminders compared to the control group
(78% vs. 55%, 95% Cl for difference 10%-38%) and 33% higher in
the group that also had physician notifications (88% vs. 55%, 95% ClI
for difference 21%-46%). Interestingly, almost all participants
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self-reported perfect or near-perfect adherence, reflecting the accu-
racy of recall versus contemporaneously assessed objective measures
for medication adherence.

The use of the ‘Internet of things’ for adherence continues to
evolve along with new technological advances, with developments as
advanced as a smartwatch application that uses gyroscopic movement
sensors and deep machine learning to recognize the body movements
that suggest that a medication is being taken.*® Significant further
research is needed to explore the feasibility of such technology in

patient care.

5.5 | Other digital health strategies

There is a wide range of other eHealth strategies with the potential to
improve kidney health self-management and adherence. The very lan-
guage of digital communication is evolving, with growing use of emo-
jis as standardized international symbols that can be integrated into
digital health interventions and may aid patient understanding and
engagement.“s'46 Engagement in treatments may also be improved
through the use of ubiquitous social media services. A Renal Health
Instagram platform based in Brazil has more than 8500 ‘followers’,
with users expressing that the service is very useful for sharing their
experiences, as well as learning about their disease management.*”
Similarly, communities of people with kidney disease have developed
on Facebook, which has been seen to provide opportunities to share
information and experiences, and to foster emotional and social sup-
port.*® Interestingly, a study seeking to establish the potential of Twit-
ter for boosting health engagement randomized 611 patients with
elevated blood pressure to either a control group or to health informa-
tion disseminated twice weekly. While the intervention was deemed
feasible, it unfortunately did not improve participants' blood pressure
control or their measured level of health engagement.*’ These pro-
grams together highlight the scope for future patient engagement ini-

tiatives in the social media domain.

5.6 | Challenges of digital integration

There are challenges and risks of eHealth interventions that require
consideration and mitigation at the patient, clinician and health sys-
tem levels.>® At a patient level, privacy is a key concern, with a need
for careful data management protocols to prevent breaches of confi-
dentiality.>? It is also possible that interventions could pose a small
risk of harm, as generic health messaging may not be sufficiently tai-
lored to individual patients, and often needs to be expressed with few
words and limited context, introducing the possibility of safety issues.
Patients without access to the required technology, or with lower dig-
ital health literacy, may also be disadvantaged by the growing use of
digital health technology, contributing to a form of health inequality
known as the ‘digital divide’.*¢

Stakeholder engagement has suggested several concerns that

may reduce clinicians' uptake of digital health interventions, including

BOX 1 Authors' recommendations for clinicians for enhancement
of adherence in clinical practice

o Simplify medication regimens wherever possible

e Use teach-back techniques to ensure patients understand
medication instructions>*

e Review and test currently available patient-facing mobile phone
applications e.g. NPS MedicineWise, and recommend useful
applications to patients

e Encourage patients to use a single digitalised medication list and to
confirm this list with their pharmacist. Some pharmacies also have
medication list applications that coordinate script refills

e Explore how your electronic medical record could be used to
monitor adherence to prescriptions in real-time

o Explore text messaging intervention programs in development/use
in your area

the lack of official endorsement of applications by expert bodies, a
paucity of clinical trial evidence to support the efficacy and safety of
different digital health strategies, and a lack of clinician familiarity with
specific interventions.>?

At a healthcare system level, the translation of digital health inter-
ventions from the research setting into routine clinical practice has
been slow.*° Identified barriers include the need for further evidence
of efficacy for patient outcomes, the cost of technologies and the
infrastructure needed to support their widespread use, and competing
healthcare system priorities.>® Further research into maximizing the
cost-effectiveness and sustainability of these interventions may be
beneficial in encouraging further uptake.

The authors' recommendations for practical strategies to improve

adherence with the use of digital interventions are outlined in Box 1.

5.7 | Limitations of existing digital health literature
There are significant gaps in the current evidence base for digital
health technologies to support adherence. There is a need for more
consistent use of adherence definitions and measurements to enable
meaningful synthesis and evaluation of interventions. This includes a
need to distinguish between the components of adherence discussed
in Table 1; most digital health interventions have included participants
already receiving long-term treatments, and assess outcomes perti-
nent to treatment implementation and persistence, without providing
an analysis of the rates of primary non-adherence, initiation or discon-
tinuation. As a result, the impact of digital health technology on these
outcomes remains unclear.

There is a paucity of literature regarding specific design features
of digital interventions to promote engagement, uptake and retention
of users, including those with lower levels of digital health literacy. A
deeper understanding of the appropriate, or optimal, use of beha-
vioural change techniques within these digital health interventions
may also significantly advance this field. Future research is needed to
establish whether the benefit of the interventions is sustained over
time, as none of the aforementioned studies assessed adherence

beyond the end of the intervention period.
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There is also a need to extend upon existing studies to confirm
efficacy in different settings and to provide reassurance about gener-
alisability. Most of the discussed studies involve relatively small num-
bers of participants, and the majority of interventions have been
tested in developed nations, such that the feasibility and merits of the
interventions may not apply to other settings including low-resource
countries. A detailed exploration is needed to understand the infra-
structure, training and support that would be required to implement
digital interventions in a variety of geographic and sociocultural set-
tings so that access to digital health platforms can help to improve,
rather than exacerbate, global health inequality.

Further research is also needed to explore the persistent barriers
to non-adherence for individuals already engaging with digital health
interventions. The majority of interventions address the adherence
barrier of forgetfulness, or the need for education and support to
improve medication attitudes, self-management, and self-efficacy,
although few studies directly assess these outcomes and their rela-
tionship to overall adherence. Such interventions do not address
other adherence barriers such as cost, medication complexity, the
stability of medication regimens, or side effects. While this may be
an inherent limitation of digital health strategies, it is important to
investigate the key remaining barriers in populations already using
digital health platforms, and to explore whether digital health inno-
vation could help to target a wider range of adherence barriers than
what has previously been attempted.

6 | CONCLUSION

Medication adherence remains a key challenge in improving health
outcomes, and people with chronic kidney disease must often manage
particularly complex medication regimens that pose a further barrier
to adherence. Digital health technologies are tools that may hold
promise in supporting patients in their adherence behaviours,
although the existing studies generally involve small numbers of par-
ticipants, short duration of follow-up, and only address a subset of
adherence barriers. Much further work is needed to identify the most
effective digital health interventions in different clinical settings, to
determine the sustainability of benefits, to demonstrate implementa-
tion on a large scale, and to understand how to integrate their use into

routine patient care.
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