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I
ndividuals with chronic kidney
disease (CKD) develop deficits in

physical performance and aerobic
capacity which become noticeable
even in earlier stages of CKD and
worsen with disease progression,
placing them at an increased risk
for frailty compared to individuals
with preserved kidney function.1

Not only can these deficits lead to
a reduction in the ability to
perform activities of daily living,
but also the most frail individuals
are at substantially higher risk of
disability, hospitalization, and
institutionalization.2 In addition to
its detrimental effect on physical
functioning, CKD is associated
with deficits in emotional and
cognitive function; the prevalence
of depression is up to 3 times
higher among individuals with
CKD than in the general popula-
tion, and the prevalence of cogni-
tive impairment ranges from 30%
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to 70%, depending on the stage of
CKD.1 In the general population,
we have numerous studies
showing that individuals across
their lifespan engaging in moder-
ate physical activity experience
clinically important gains in
mental and overall health; even
those with underlying medical or
psychological complexity.3 How-
ever, such interventions are rarely
tailored for individuals with CKD,3

due both to perceived and actual
barriers to implementation.4 As a
consequence, CKD-specific struc-
tured lifestyle interventions,
including prescription of physical
activity remains underutilized.

Digital health interventions
(DHIs) present an innovative and
scalable approach to promoting
behavioral changes essential for
managing many chronic condi-
tions, utilizing varied delivery
methods such as telephone calls,
text messaging, apps, websites,
and wearable devices.5 Despite
their efficacy, such interventions
are rarely applied to CKD care and
are particularly scarce in early
stage CKD, where lifestyle
K
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interventions have the potential to
profoundly alter the disease’s pro-
gression and its downstream ef-
fects on physical, cognitive, and
emotional functioning.6 Before
deploying such interventions in
CKD on a larger scale, it is critical
to establish their efficacy and
prudent to establish their cost-
effectiveness in meeting the
diverse needs of individuals with
CKD, which may vary based on
stage and disease severity.

The Kidney BEAM Trial was a
single-blind, multicenter random-
ized controlled trial involving 340
adults with CKD stage 2 to 5.7

Participants were assigned either
to a program of twice-weekly, 12-
week structured physical activity
sessions led by kidney physiother-
apists followed by a 12-week self-
managed exercise period or a wait-
list control group. Of the partici-
pants, 18% were receiving dialysis
therapy, 35% were kidney trans-
plant recipients, and 47% were
with nondialysis dependent CKD.
Adherence to the 12-week physical
activity program was low at 63%,
partially due to a high initial
dropout rate. Participants engaged
in an average of 44 minutes (1.2
sessions) per week. The trial re-
ported short-term (3-month)
improvement in mental health out-
comes, physical function, and pa-
tient ability to self-manage health
behaviors.8 Moreover, the trial
achieved sustainable 6-month im-
provements in mental health-
related quality of life, as measured
by the Kidney Disease Quality of
Life Short Form 1.3 Mental
Component Summary (5.9, 95%
confidence interval [CI]: 4.4–7.5)
and self-reported outcomes of gen-
eral health (4.3; 95% CI: 1.7–7.0),
physical functioning (6.29; 95% CI:
2.9–9.7), cognitive functioning (7.8;
85% CI: 2.6–12,9), emotional well-
being (10.7; 95% CI: 3.1–18.4);
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sleep (6.5; 95% CI: 3.5–9.5), fatigue
(15.5; 95% CI: 12.6–18.4), and
burden of CKD (5.3; 95% CI:
2.0–8.6). Other significant self-
reported outcomes included im-
provements in quality of social
interaction, physical and emotional
roles, and pain. The trial main-
tained a strong safety profile
throughout the intervention. The
study estimated costs of £3445.56
per QALY and £14.44 per 1 unit in-
crease in Kidney Disease Quality of
Life Mental Component Summary,
thereby demonstrating robust cost-
effectiveness with probabilities of
75% and 87% below the £20,000
and £30,000 willingness-to-pay
thresholds, respectively.

Overall, the Kidney Beam Trial
demonstrates that multidisci-
plinary digital lifestyle in-
terventions may be a cost-effective
mechanism for improving clinical
and quality of life outcomes in a
diverse range of patients with
CKD. Furthermore, the fact that
individuals in the waitlist control
group had a decrease in the Mental
Component Summary over the trial
period highlights the rapid rate of
decline in well-being experienced
by individuals with CKD and the
potential for lifestyle interventions
to mitigate these detrimental ef-
fects. Future guidelines in CKD
may consider including routine
screening and treatment for im-
pairments in emotional func-
tioning, including increased stress,
depression, and anxiety. There are
some notable limitations to the
trial, including the relatively high
dropout rate of 39.8% in the
intervention group compared to
15.0% in the control group,
largely driven by participants’
time constraints. It is not clear
which participants were most
likely to drop out, because sub-
group analyses were not reported.
However, such information is
highly relevant because dialysis-
treated adults, for example, report
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significant barriers toward exercise
and it is not clear that this inter-
vention would be equally effective
across the spectrum of CKD or
whether more frail individuals
derived equal benefit. Thoughtful
accommodations based on baseline
physical functional status may
help align the intervention more
closely with participants’ capabil-
ities, potentially reducing early
dropout rates.

Although participants demon-
strated significant mental and
physical improvements, it is diffi-
cult to assess which components of
the intervention were responsible
for these gains, in part due to a lack
of granularity in the outcomes and
feedback on the intervention from
participants. Future work may
consider the collection of more
granular objective physical perfor-
mance measures and exercise met-
rics in consultation with physical
therapy experts. For example, the
collection of strength-training rep-
etitions, sets, and intensity would
allow exercise volume calculation.
More specificity in outcomes, taken
alongside feedback from partici-
pants, would allow for assessment
of whether individual exercises
were considered more beneficial or
to what extent benefit was derived
simply from increased engagement
and attention. This is particularly
relevant given the prevalence of
depression among individuals with
CKD, especially in later stages. Such
outcomes are also necessary to
establish the optimal duration
(12–18 weeks) and frequency
(1–3 times per week) for interve‑
ntions to better cater to chronically
ill populations.

Finally, future studies may
consider analyzing the potential
confounding effects of concurrent
medication use and sleep quality
on mental health outcomes. These
factors are known to impact well-
being and could confound
results.S1 Research suggests that
physical activity interventions can
improve well-being in patients
with CKD in part by enhancing
sleep quality, decreasing fatigue,
and alleviating sleep-related
symptoms such as sleep apnea
and nocturnal hypertension,
thereby optimizing sleep durations
away from extremes of short and
long sleep.S2–S4 Further investiga-
tion is necessary to explore the
distinct and complementary
mechanisms through which phys-
ical activity interventions impact
well-being.

The Kidney BEAM trial is an
excellent step forward, showing
that a DHI can be effective at safely
improving quality of life in the
short-term and long-term. Further-
more, few other studies have
explored the cost-effectiveness of
DHIs in CKD. Cost-effectiveness is a
highly important consideration for
scalability and adoption, especially
because this area of research is
expanding. Indeed, DHIs using
various modalities are being
increasingly explored for manage-
ment of CKD globally, with im-
provements in activity and
physical performance paralleled by
improvements in patient self-
efficacy, self-management, mental
health, and the burden of kidney
disease.S5,S6 Still other studies have
reported improvement in cognitive
function and emotional functioning
through use of such diverse DHIs
as virtual reality exergames,
cognitive behavioral therapy, or
mobile applications with or
without wearable components.S7

Although such studies underscore
the potential of DHIs to improve
CKD management by promoting
physical and emotional well-being
through lifestyle and behavioral
modifications, the benefits can be
highly variable due less to differ-
ences in technology and infra-
structure, which have already
developed sufficiently for DHIs to
have a wide-spread impact, but
3359
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Figure 1. A schematic for developing and maintaining a DHI. This begins with codevelopment, including a careful inventory of stakeholder goals
and barriers and comprehensive multidisciplinary evaluation to ensure that any necessary accommodations are in place before deploying the
DHI. Crucially, even after deployment of the intervention, it is necessary for periodic assessments with detailed feedback and granular outcome
assessment to understand whether the intervention is fully meeting all goals. If not, intervention providers should engage in reevaluation with all
stakeholders to dissect intervention outcomes and explore mechanisms underlying variable adherence, engagement, or derived benefit to
develop and implement the appropriate adaptations for the intervention. DHI, digital health intervention.
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more due to heterogeneity in
design and implementation.S8

In their current iteration, many
DHIs are less effective in engaging
and benefiting individuals from
older populations, minority ethnic
groups, or socioeconomically
disadvantaged backgrounds. In the
ideal world, such interventions
would be codeveloped with the
population for whom they are
intended and tailored to overcome
barriers such as language, lack of
electronic health literacy, and dis-
parities in access. For individuals
with CKD, this may mean specific
accommodation for cognitive
impairment, dialysis, or post kid-
ney transplantation. Such accom-
modations might include involving
care partners to promote adherence
or routine screening for cognitive
and emotional deficits or sleep is-
sues, with appropriate triage to
specialists. DHIs also have greater
potential for benefit when inte-
grated into health care systems,
3360
thereby reducing barriers to
implementation, and may have
better retention if they employ
gamification strategies to promote
engagement. These strategies may
also allow for improved mainte-
nance of behaviors even after the
intervention. Finally, such in-
terventions should be undertaken
with room for feedback from
stakeholders, including not only
participants but also their broader
community, allowing for adapta-
tion and evolution to fit the needs of
their population. Such partner-
ships, if appropriately nurtured,
have the potential to not only
improve outcomes but also alleviate
the cost burden for end users. In
Figure 1, we show a schematic for
how such an intervention might be
developed and evolved.

Greenwood et al.7,8 have shown
that a thoughtfully codeveloped
DHI designed to promote exercise
and lifestyle change can cost-
effectively improve the well-being
K

of patients with CKD. Future in-
terventions should consider
obtaining objective outcomes and
collecting specific metrics of exer-
cise (e.g., intensity, volume) to
provide more granular data, which
can improve individualization of
interventions and participant-level
feedback to better iterate on suc-
cessful intervention components.
Given the increasing prevalence of
CKD and the length of time neces-
sary to develop such interventions,
the time to start is already here.
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