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Self-care, or the dynamic, daily process of becoming actively involved in one’s
own care, is paramount to prevent and manage complications of end-stage
kidney disease. However, many older dialysis patients face distinctive
challenges to adequate engagement in self-care. One promising strategy for
facilitating self-care among older dialysis patients and their care partners is the
utilization of mobile health (mhealth). mHealth encompasses mobile and
wireless communication devices used to improve healthcare delivery, patient
and care partner outcomes, and patient care. In other disease populations,
mHealth has been linked to maintenance of or improvements in self-
management, medication compliance, patient education, and patient-
provider communication, all of which can slow disease progression.
Although mHealth is considered feasible, acceptable, and clinically useful,
this technology has predominately targeted younger patients. Thus, there is a
need to develop mHealth for older dialysis patients and their care partners. In
this article, we describe current mHealth usage in older dialysis patients,
including promising findings, challenges, and research gaps. Given the lack of
research on mHealth among care partners of older dialysis patients, we
highlight lessons learned from other disease populations to inform the future
design and implementation of mHealth for these key stakeholders. We also
propose that leveraging care partners represents an opportunity to
meaningfully tailor mHealth applications and, by extension, improve care
partner physical and mental health and decrease caregiver burden. We
conclude with a summary of future directions to help older dialysis patients
and their care partners receive recognition as target end-users amid the
constant evolution of mHealth.
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Introduction

Chronic kidney disease (CKD) is a leading cause of
morbidity and mortality worldwide (1). This progressive
condition is characterized by substantial physical,
psychological, and economic burdens; reductions in quality of
life; and continuous management to delay the onset of end-stage
kidney disease (ESKD) (2). In an effort to slow disease
progression and prevent its complications, current CKD
management guidelines consider self-care as a standard of care
(3). Self-care is ideally defined as a dynamic, daily process in
which the individual with CKD becomes actively involved in
their own care through health-promoting and treatment
adherence behaviors, monitoring signs and symptoms of the
disease, and managing symptoms (4). The prospective benefits
of self-care are numerous, including reducing patients’ disease
burden and the development of morbidities, improving their
quality of life and health outcomes, and decreasing the social,
economic, and health care burden of chronic diseases (2).
Nonetheless, self-care is multidimensional and complicated,
and poor engagement has been well-documented among many
individuals with CKD (3).

One predictor of inadequate engagement in CKD self-care
behavior is older age, a trend attributed to older adults’ lower
capacity for engagement relative to younger adults (5).
Compared to younger counterparts, older adults face unique
challenges in meeting personal care and support needs, such as
multi-morbidity, functional limitations in activities of daily
living, cognitive decline, frailty, socioeconomic disadvantage,
social isolation, and geriatric conditions (6). For older adults
with CKD who progress to ESKD, self-care becomes more
complicated, as prescription medications, diet and fluid
restrictions, and a healthy lifestyle are balanced with a more
elaborate treatment plan involving dialysis treatment itself. The
self-care difficulties of older adults is particularly concerning
given that they demonstrate a striking decline in physical and
mental aspects of quality of life in the year preceding dialysis
initiation (7). These aforementioned difficulties, coupled with
disease progression and the aging process, hinder the abilities of
older adults with CKD and ESKD to adequately perform
necessary self-care, creating an increasing dependence on the
contributions of care partners to assist with self-care needs.

Care partners, or close family members and friends
informally involved in ESKD management, have long been
considered health care providers’ greatest allies in treating older
adults on dialysis. Care partners are tasked with navigating a
complex role that usually entails providing myriad forms of self-
care support, including transportation to and from dialysis and
medical appointments; assistance with dietary prescription and
meal preparation; administration of medication; and observation
of changes in health and functional status (8). Their support is
associated with several beneficial patient outcomes, such as

Frontiers in Nephrology

02

10.3389/fneph.2022.1068395

improved self-management behaviors, compliance and
psychosocial adjustment to treatments, and quality of life, as
well as decreased mortality risk, treatment complications, anxiety
and depressive symptoms, and odds of 30-day hospital
readmission (9-13). Although their active participation in
treatment can be rewarding, care partners report related
burdens, adverse effects on health and well-being, and conflicts
with other roles and responsibilities (14). Further exacerbating
matters is care partners’ persistent oversight in research and in
practice. Predictably, care partners convey uncertainty about their
role in self-care, describe feeling overlooked by health care
providers, encounter difficulties accessing the health care
system, lack disease- and treatment-related knowledge, and
report unmet support needs (15). Given that care partners
affect and are affected by dialysis treatment, it is imperative to
identify opportunities to acknowledge, meaningfully support, and
better integrate their influential participation.

One potentially promising strategy for simplifying the
complexity of and facilitating self-care among older dialysis
patients and care partners alike is the incorporation of mobile
health (mHealth). There is no single, universally agreed upon
definition of mHealth at this time. For our purposes, we use the
term mHealth to encompass mobile and wireless
communication devices (e.g., text messaging, mobile apps,
and/or wearable devices) intended to be user-friendly tools to
improve healthcare delivery, patient and care partner outcomes,
and impact patient care beyond conventional clinical care; we
consider mHealth to be a subset of telehealth, as telehealth is a
much broader term reflecting the use of digital information (e.g.,
electronic health records) and communication technologies for
healthcare. Despite a lack of consensus on its meaning, mHealth
has emerged as an essential model of care due, in part, to the
expedited and large-scale uptake of virtual or remote health care
delivery necessitated by the varied impacts of the COVID-19
pandemic (16, 17). The increasing popularity and usage of
mHealth has become evident in recent disease management
programs for chronic conditions such as diabetes, hypertension,
and cardiovascular disease (18-20). These programs have
highlighted several benefits associated with the incorporation
of mHealth, including the promotion of key self-management
principles; improvements in patient-provider communication
and clinical outcomes such as blood pressure, blood sugar, and
pain management; enhanced patient autonomy, activation,
health status, knowledge, and self-efficacy; and reduced health
care utilization (21). Yet, few mHealth applications are tailored
to the ESKD population, particularly among older adults and
their care partners. This paper describes the fledgling use of
mHealth strategies to support self-care in older dialysis patients
and their care partners. Finally, we present future directions for
supporting stakeholder involvement and tailoring devices to the
specific needs of older dialysis patients and their care partners to
better leverage mHealth’s capabilities.
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mHealth and Dialysis

To date, few clinical trials have investigated the potential
impact of mHealth on patients receiving dialysis. These trials
have mainly focused on improving lifestyle behavior changes
through remote or self-monitoring interventions that primarily
entailed the use of smartphone apps, tablets, or personal digital
assistants to deliver content (22, 23). Though limited mHealth-
related trials exist, patients with ESKD overwhelmingly report
high levels of satisfaction and willingness to continue using
mHealth devices, indicating high acceptability and feasibility for
self-care management and clinical use (22, 23). Importantly,
mHealth has also impacted the economic burden on patients
receiving dialysis, healthcare providers, and the healthcare
system. Trials assessing economic impact have consistently
concluded that remote monitoring led to significant healthcare

10.3389/fneph.2022.1068395

cost savings given decreased healthcare resource utilization and
reduced medication and hospitalization costs (22). Despite
mHealth showing benefits in patient-reported outcomes and
economic impact, many trials have resulted in non-significant
improvements for health outcomes (e.g., blood pressure,
ultrafiltration rate, blood profile, and interdialytic weight gain).
Few trials, combined with small sample sizes, short duration,
and non-significant improvements in health outcomes, begs the
question of whether mHealth is clinically effective. Nonetheless,
mHealth has shown great potential for improving patient
reported outcome measures (PROMs) and conventional
clinical care through greater patient self-care engagement.

In Table 1, we categorized the potential impacts of mHealth
and conventional clinical care into four major themes (economic,
clinical, person-centered, and accessibility) and highlighted
significant potential advantages and disadvantages of each.

TABLE 1 Potential advantages and disadvantages with conventional clinical care vs mobile health (mHealth) technology.

Conventional Clinical Care

Proposed advantages

Proposed disadvantages

mHealth Technology

Proposed advantages Proposed disadvantages

. i . Time and cost efficient Out-of-pocket costs of mHealth
) Insurance coverage for in- Time, travel/transportation, and K R
Economic . . (e.g., transportation costs, reduced equipment or technology (e.g.,
person visits cost to obtain in person care o . .
hospitalizations) mobile applications)
Limited focus on patient
P Social distancing during the COVID- L. X L
Face-to-face care reported outcomes measures . Limited physical examination
19 pandemic
(PROMs)
Clinical . Resource intensive (potential for | Potential for improved clinical .
Supervised care* i Unsupervised care* (safety concerns)
delayed feedback and care) outcomes (e.g., real-time updates)
Impact to clinical workflow (e.g., change in workflow patterns, time
management, and unreliable internet services)
i X X ) i Potential to alleviate patient and care . X
In-person interaction with High patient and care partner . Loss of more personal interaction
L partner burden” (e.g., set medication .
clinical team burden” . with clinical team
reminders)
Variable patient and care . .
Facilitate patient and care partner
partner engagement (e.g.,
T engagement
participation in care)
Person-
Centered Cultural tailorin;
Lack cultural tailoring . 8 .
(e.g., specific language settings)
Interpreter for non-English
speakers
Resources designed for the Personalized resources for improved
general dialysis patient self-care/decision making
Access does not depend on . L . .
o Patient data limited by Real-time remote access to patient .
technology availability and/ . . . . Technology literacy affects use
. intermittent patient visits data
or literacy
Accessibili . . L Privacy or security concerns
o Potential large-scale dissemination Y U
(e.g., data breach)
Digital divide (wireless connectivity,
advanced technology)

*Supervised care is care delivered by any health care provider (e.g., nurses, therapists, social workers, advance practice practitioners, and/or physicians).
APatient/care partner burden relates to reliance on the patient/care partner to perform necessary tasks as part of their self-care.
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Emphasized is mHealth’s overarching advantage to impact clinical
and person-centered outcomes by engaging patients in their own
care through self-monitoring, disease education, personalization/
cultural tailoring, and real-time updates (22). Yet, under current
conventional clinical care, low patient engagement is far too
common in the dialysis setting. Critical to these low levels of
patient engagement is the lack of personalized care and
personalized/culturally tailored resources (self-care and
educational). Many patients feel they are not knowledgeable
enough to make informed decisions and they lack the resources
to better care for themselves (24). mHealth can empower patients
by providing resources and unlimited personalization and cultural
tailoring, as well as disease-related education to enhance self-
efficacy for greater self-care management. mHealth can also
monitor changes in PROMs and give real-time updates to
healthcare providers for more timely care. In a recent study,
Viecelli et al. (25) highlighted the effective symptom monitoring
ability of mHealth by demonstrating that real-time updates on
PROMs resulted in prompt and efficient discussion, resulting in
active engagement of patients and healthcare provider(s).
mHealth’s capability to provide immediate evaluation of
PROMs is in stark contrast to the delayed feedback of current
clinical practice. Presently, paper surveys are the primary method
of measuring and assessing PROMs. This method is resource
intensive, generates survey fatigue, and limits optimal care because
feedback can be delayed for months.

While timely care can be facilitated by mHealth, remote care
practices pose disadvantages to clinical practice and person-
centered outcomes. For many patients with ESKD, these
disadvantages are largely due to limited regular physical
examinations, face-to-face interaction, and accessibility of
advanced technology. mHealth characteristics restrict personal
connection with healthcare provider(s), which is imperative for
dialysis care. There are also major concerns over privacy and
security. Limited regulations currently constrain developers of
mHealth apps to prevent lost or stolen data, thereby increasing
patients’ reluctance to use and adopt mHealth for self-care support.
Moreover, major issues revolve around accessibility. While the
economic advantages of mHealth are potentially widespread (e.g.,
reduced healthcare costs and/or patient travel expenses), advanced
technology is costly and not universally accessible. The high cost of
advanced technology prevents adoption, ultimately resulting in low
technology literacy. Collectively, high cost and low technology
literacy contribute to the digital divide.

The digital divide may, in part, limit dissemination of
mHealth within dialysis centers. Many patients, especially
older adults on dialysis, are hesitant to use and participate in
mHealth trials because of perceived low technology literacy
fueled by accessibility issues, inadequate health literacy, and
complications with disease-related symptoms. For example,
older adults on dialysis are at greater risk of co-morbidity,
frailty, and cognitive impairment; all of which are
independently associated with lower adoption of technology

Frontiers in Nephrology

04

10.3389/fneph.2022.1068395

and make navigating technological devices (e.g., smartphones)
more difficult. In addition, lower educational attainment and
health and technology literacy limit their ability to fully benefit
from mHealth. Despite these barriers, positive interest in using
mHealth devices for self-care expressed by patients receiving
dialysis, including older adults, suggests they are willing and able
to participate in mHealth-related research (26). However, such
research has largely neglected to address barriers encountered by
older adults on dialysis, resulting in ongoing suboptimal
participation in mHealth trials (26, 27). Thus, there remains a
major knowledge gap in how mHealth affects self-care behaviors
and outcomes. It is imperative for stakeholders to generate ways
to leverage the interest of and mitigate barriers for older adults
on dialysis when developing and testing mHealth technologies.

mHealth and Care partners

Consistent with care partners’ relative invisibility in dialysis-
related research and care, their participation is seldom accounted
for in the technology-aided delivery of self-care support to chronic
disease patients. Likewise, mHealth available in ESKD has rarely
focused on care partners as the primary users or target audience.
To address these knowledge gaps, lessons learned from mHealth
for care partners of older adults and patients with other diseases
can be applied to the design and implementation of mHealth for
care partners of patients with ESKD. Two disease populations that
have paved the way for mHealth research with care partners
include dementia and stroke. Because self-care for patients with
these conditions have a similar reliance on care partners and may
contribute to care partner burden, interventions from these
populations are likely suitable for adaptation to care partners of
patients with ESKD. These studies have shown that mHealth
interventions can improve care partner physical and mental
health, increase care partner self-efficacy, and decrease caregiver
burden. For example, mHealth can decrease out-of-pocket
healthcare costs by allowing care partners to remotely access
resources otherwise limited by travel time, distance, or mobility
(28). Generally, care partner-oriented mHealth programs have
fallen into three domains: 1) Building relationships (social
support, services, resources), 2) care support for the patient
(education, remote monitoring, and patient care), and 3)
support for the care partner (therapy, self-care) (28, 29).
Technologies from these populations potentially applicable for
care partners of patients with ESKD include communication with
the healthcare team and family, reminder systems (e.g.,
appointments and medications) and symptom monitoring, and
care partner education and support (30, 31). These promising,
existing interventions from other disease populations present an
opportunity for mHealth developers to build upon this work and
tailor to the specific needs of ESKD care partners.

Additionally, key stakeholders and developers of mHealth for
care partners need to be aware of known barriers that limit
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adoption of mHealth. Adoption of mHealth is affected by
accessibility, small print size, lack of health and technology
literacy, lack of subtitles for the hearing impaired, and high cost,
all of which impede care partner engagement (28). Furthermore,
care partners may need to install and juggle multiple applications
to meet the needs of the patient and themselves because most
mobile applications for care partners only address one function
(31). Limited accessibility and functionality impact overall
utilization of mHealth in care partners and may be due to the
lack of user input from care partner stakeholders. Thus, we
suggest care partners be involved as both key stakeholders as
well as end-users in mHealth-related research.

Future implications

Although much work has been done in recent years to keep
pace with the unprecedented growth and subsequent use of
mHealth, much work remains to be done. To date, there is no
one definition of mHealth and confusion centers around
associated terms and various technology platforms. Terms like
telehealth, telemedicine, electronic health, wearable technology,
and digital health are commonly used interchangeably when in
fact there are slight nuances to each. Establishing distinct
definitions may help alleviate barriers and expand the
integration of these devices into healthcare and the older
dialysis population. We therefore recommend the use of a
multidisciplinary team of key stakeholders (e.g., physicians,
clinicians, patients, care partners, social workers, digital
engineers, dialysis organization representatives, etc.) to
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* Health/Technology literacy

* Environmental concerns

* Usability

* Home environment
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collectively work together to successfully address the barriers
and challenges (i.e., safety, utility, accessibility, and literacy) of
mHealth for older dialysis patients. Furthermore, we call for a
common framework criterion (Figure 1) for the development of
mHealth-related research. Identifying a common framework can
propel the developmental stages to keep pace with technology
advancements and reduce improper use of mHealth devices by
end-users. Integrating these efforts into the development of
mHealth may help mitigate symptom burden and for some,
delay the progression from CKD to dialysis initiation.
Supporting these proposed future directions, the Patient-
Centered Outcomes Research Institute and Kidney Health
Initiative have set forth recent initiatives aimed at improving
patient-centered care and outcomes through engagement of key
stakeholders, including patients, care partners, and other patient
advocates, in the development and dissemination of patient-
centered research. These initiatives offer encouragement for the
future of mHealth in CKD as more trials and larger sample sizes
are needed to better determine mHealth’s clinical effectiveness
and safety among older adults receiving dialysis.

Patients

Not only are older dialysis patients infrequently included in
mHealth trials, but they are also largely excluded as key
stakeholders in the development of mHealth supposedly
intended for their own use. The majority of mHealth research
trials (and especially commercially available apps) have been
created without input from patients receiving dialysis. Lack of

mHealth Core Components

* End-user outcome * Device type
goals

* End-user risk
stratification

* Theoretical basis

« Privacy/Security
* Cultural factors
* Personalization
* Economic impact

Evaluation
* Evaluate/test
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dialysis
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Refinement

* Barriers/challenges not
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* Advancements in
technology

End-user
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Care
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Conceptual model for a person-centered approach to the development of mHealth for older adults on dialysis and their care partners.

Frontiers in Nephrology

05

frontiersin.org


https://doi.org/10.3389/fneph.2022.1068395
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

Burrows et al.

patient stakeholder involvement fails to address the specific
needs of patients on dialysis and may contribute to mixed
findings regarding clinical outcomes. Inclusion of older adults
as key stakeholders in the development of mHealth is a crucial
element missing in dialysis-related research and may serve as an
opportunity to educate patients with ESKD on the potential
advantages of mHealth devices, empowering them to improve
self-care and/or to make more informed decisions about best
care options. If older dialysis patients feel more knowledgeable
using these devices, they will exhibit greater self-efficacy and be
more likely to adopt them as part of their own self-care routine.
Likewise, inclusion of older dialysis patients as key stakeholders
can also make them feel more valued, which can be empowering
(32) and subsequently improve psychological well-being.
However, adopting mHealth may be impossible for many
older adults on dialysis because of physical and/or cognitive
impairments. For these patients, inclusion of care partners is
essential. Incorporating care partners as key stakeholders may
serve to improve the utility and effectiveness of mHealth for
patients receiving dialysis given that they are uniquely
positioned to provide invaluable insight into the real-world
context in which ESKD self-care practices occur.

Care partners

We propose that mHealth offers at least two promising
opportunities to acknowledge, meaningfully support, and better
integrate the influential participation of care partners in ESKD
self-care. One opportunity involves the inclusion of care partner
perspectives in the development of self-care technology designed
for older adults on dialysis. Understanding these important
stakeholder perspectives may facilitate care partner engagement,
increase the relevance of self-care content, help address barriers to
older adults’ mHealth use, improve recognition of older adults’
home or social contexts, and enable care partners to feel that their
insight, experiences, and opinions are valued.

An additional opportunity entails targeting care partners as
users of mHealth. The care partner role requires ongoing and
adaptive support in light of changing care recipient needs and
varied impacts on daily life over time. Tailoring mHealth
specifically for care partners may alleviate uncertainty about
their role in dialysis care, foster empowerment, improve disease-
and treatment-related knowledge, mitigate related burdens, and
address unmet support needs. mHealth strategies that directly
appeal to care partners’ individual needs are also critical because of
dyadic interdependences in the relationship between older adults
and care partners. That is, care partner health and well-being can
affect patient health and well-being (and vice versa). Thus,
mHealth capable of positively impacting the care partner can, in
turn, positively impact the patient. Accordingly, we recommend
that the design and implementation of mHealth technologies focus
on the care partner as an end-user and incorporate usability,
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feasibility, and acceptability testing (28, 31, 33). However, these
promising opportunities will continue to reflect missed
opportunities until care partner participation is fully realized as a
resource that can be leveraged to promote mHealth adoption and,
in turn, support care partner participation and patient self-care.

Conclusion

mHealth has demonstrated great promise in improving self-
care practices of several chronic conditions and offers the
potential to support self-care, improve patient activation, and
promote health and well-being among older patients with ESKD
and their care partners. In order for older dialysis patients and
their care partners to likewise participate and benefit from
mHealth interventions, these key stakeholders must be
incorporated into relevant clinical trials, their experiences and
perspectives must be accounted for in the creation and design of
self-care support, and their individual person-centered needs, as
well as those of the patient-care partner dyad as a whole, should
be prioritized. Additionally, a greater emphasis should be placed
on collaboration between physicians, clinicians, patients, care
partners, and anyone else involved in the care of the dialysis
patient. Collaborations need to be continual and consistent to
reassess strategies to offset the unpredictable health trajectory
patients and care partners navigate, as well as the constant
evolution of mHealth. Until these collaborations are built and
patients’ and care partners’ voices are heard, mHealth’s potential
to improve patient outcomes will be limited.
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