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Over 50% of adults in the United States live with at
least one chronic medical condition, such as hyper-

tension, diabetes, and chronic kidney disease (CKD).1

These illnesses often require patients to manage multiple
Related articles, ••• and •••
medications, which requires a basic understanding of their
roles, benefits, and potential harms to maximize health
while preventing adverse events. This can be challenging,
even for the most educated and health literate patients.
Self-management programs, in which guidance is pro-
vided to patients to help them titrate medications in case of
changes in their health, are meant to ease this process and
are well established in the care of diabetes, asthma, and
hypertension.2 Insulin titration algorithms improve gly-
cemic control among individuals with diabetes, and pa-
tients with asthma have action plans to alter inhaler use
based on respiratory symptoms.3-5 These are now cor-
nerstones of diabetes and asthma education.6 Similar
programs have been developed to empower patients with
hypertension to titrate antihypertensive medications based
on home blood pressure measurements.7 Although early
studies evaluating the efficacy of such programs had mixed
results, more recent ones examining refined programs
incorporating digital technology to support patient deci-
sion making have been shown to improve blood pressure
control.8,9

In this issue of Kidney Medicine, Fink et al10 and Watson
et al11 explore the use of sick-day protocols, self-
management programs that have been promoted in pa-
tients with CKD. Patients with CKD are often prescribed
several medications (ie, renin-angiotensin system in-
hibitors, sodium glucose cotransporter 2 inhibitors, and
diuretics) that improve long-term health outcomes. How-
ever, these medications may be harmful and induce acute
kidney injury (AKI) by worsening volume status and
increasing the risk of hypotension when patients are feeling
unwell. Epidemiologically, AKI is most often attributed to
volume depletion and hypotension and can be associated
with increased morbidity and mortality.12 As such, sick-day
protocols that instruct patients with CKD to stop specific
medications when they have symptoms of infection or are
at risk for volume depletion (ie, diarrhea, vomiting) to
prevent AKI have been recommended by several health
organizations, including the National Institute for Health
and Care Excellence in the United Kingdom, the Kidney
Disease Improving Global Outcomes organization, and the
American Society of Nephrology.13-15 The efficacy and
safety of these protocols in CKD have not been rigorously
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evaluated, especially when weighing the benefits of
avoiding AKI risk against the potential hazards of dis-
continuing therapies that are known to decrease cardio-
vascular morbidity and mortality.

Fink et al10 address this issue by assessing the efficacy of
a sick-day protocol in a randomized control trial that
included 315 patients with stage 3-5 CKD treated with
medications that could contribute to AKI or cause toxicity
during an AKI event: renin-angiotensin system inhibitors,
diuretics, nonsteroidal anti-inflammatory drugs, or met-
formin.10 Patients were randomized to usual care or an
education program that consisted of 2 elements: (1)
written educational materials that describe and define sick
days and instruct patients to stop specific medications for
up to 48 hours while sick and (2) an interactive voice
response system that calls patients weekly to survey for
sick-day events and assess adherence to the protocol.
Although the interactive voice response system component
did not deliver educational content, it served as a reminder
about the recommended sick-day protocol, playing a key
role in program sustainability. Both groups were instructed
to complete laboratory testing after a presumed sick day.
The primary outcome of the trial was change in kidney
function after 6 months; secondary outcomes included AKI
events defined by International Classification of Diseases, Tenth
Edition codes, acute service utilization (ie, emergency
department or urgent care visit), and reported sick days in
the intervention arm only.

Although patients randomized to implement the sick-
day protocol maintained an impressive high level of
engagement with the interactive voice response system
(w80% calls responded), no difference was found in
clinical outcomes among the 2 groups. The mean change
in estimated glomerular filtration rate at 6 months was
-0.69 mL/min/1.73 m2 (95% CI, -2.07 to 0.76) in those
randomized to the sick-day protocol compared with -0.77
mL/min/1.73 m2 (95% CI, -2.24 to 0.70) in those ran-
domized to usual care (P = 0.99). Both groups had 4
participants with AKI events based on the International Clas-
sification of Diseases, Tenth Edition code. The rate of acute service
utilization was 11.5/100 events per person-month in
those randomized to the sick-day protocol compared with
8.4/100 events per person-month in the usual care group,
with the adjusted prevalence ratio of 1.30 (95% CI, 0.96-
1.76). Notably, only 23% of patients randomized to the
intervention arm reported a sick-day event, which
accounted for 1.6% of the calls. Of the reported events,
only 50% were designated to be true sick days after follow-
up and only 50% of these patients followed the in-
structions correctly during the event and withheld their
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Figure 1. Applying the design thinking process to sick-day protocols.
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medications. Importantly, of those who received the
intervention, a majority wanted to continue using the sick-
day protocol and reported confidence using the protocol
even if at least 1 error was made in protocol execution.

In an accompanying systematic scoping review, Watson
et al11 characterize the literature available about sick-day
protocols for patients with chronic diseases including
those with CKD. The review identified 10 primary studies
(including 2 usability studies and 3 randomized controlled
trials) that examined the impact of sick-day protocols on
clinical outcomes (n=4 studies), patient knowledge (n=9),
and patient and provider experience (n=6). The study by
Fink et al10 was the only one that assessed clinical out-
comes among individuals with CKD; the other 3 focused
on patients with diabetes. None of the studies demon-
strated significant clinical improvement among patients
randomized to self-management programs. However, the
interventions did meaningfully change patient and pro-
vider knowledge of sick-day protocols, an important
process outcome when considering the potential for future
opportunities to apply sick-day protocols during patients’
lifetimes for managing their chronic illness.

Together, these 2 manuscripts highlight the limited
evidence regarding the efficacy of existing sick-day pro-
tocols on health outcomes despite their high acceptability
among patients and clinicians. This lack of evidence,
however, must be interpreted in the context of patient
adherence to the designed interventions, which can be
influenced by patient literacy and whether the protocols
are easy or challenging to implement in real-world set-
tings. Fink et al10 conducted usability testing of their
intervention and found that patients assigned to the sick-
day protocol reported a high frequency of errors. With a
high prevalence of low health literacy among patients with
CKD,16 the errors were likely due to patient misunder-
standing of the protocol, which asked them to modify pill
intake in response to vague symptoms suggestive of vol-
ume depletion. A more concrete protocol identifying
quantifiable targets before action (ie, blood pressure,
weight, urinalysis dipstick results) may have been easier
2

for patients to follow. It is striking that this probable
confusion was present despite the research team leveraging
patient input when developing the sick-day protocol
before study initiation.

This trial may also have been underpowered to evaluate
the effectiveness of a sick-day protocol, given the relatively
low incidence of sick-day events. A statistical signal of an
effective intervention may be hidden if the protocol is only
effective during brief periods of time or if it is only helpful
for a subgroup of the study population (ie, those with
adequate health literacy). It is also possible that partici-
pating patients received conflicting information from their
providers, representing an unmeasured cointervention.
The Watson et al11 review highlights the lack of consensus
among providers and researchers with respect to sick-day
protocols, specifically which medications to withhold
and when to stop them (ie, by symptoms/circumstances vs
quantifiable measures such as blood glucose level). This
lack of consensus may have translated to increased
confusion for patients when executing the sick-day pro-
tocol to prevent AKI.

Physiologically, sick-day protocols are likely to be
effective in preventing severe AKI episodes in at-risk
populations. Watson et al11 illustrate that similar medica-
tions are recommended to be withheld when patients are
suspected of intravascular hypovolemia regardless of
whether the patient has underlying diabetes, kidney dis-
ease, or heart disease. A thorough evaluation of the system,
provider, and patient-related facilitators and barriers to the
accurate execution of sick-day protocols is a necessary next
step to increase their usability, effectiveness, and general-
izability. Human-centered design, a methodology that
seeks to understand natural patient behaviors and prefer-
ences through active user participation and feedback, may
be an attractive strategy to refine existing sick-day pro-
tocols such as the one developed by Fink et al.10 Figure 1
displays an adapted conceptual model of applying the
design thinking process to create desirable, feasible, and
viable sick-day protocols that could be rapidly adopted by
patients.17 Enhancing diverse patient understanding of
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sick-day protocols and ensuring accurate implementation
will allow the nephrology community to build the
necessary evidence base for the effectiveness of sick-day
protocols in real-world settings so that medication self-
management support programs to preserve kidney func-
tion can move beyond expert opinion and be codified as an
evidence-based standard of care.
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