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ABSTRACT

Background To effectively manage the progression
of diabetic kidney disease, it is essential to address
the associated hyperkalaemia while concurrently
using renin-angiotensin-aldosterone system inhibitors
and mineralocorticoid receptor antagonists. In this
study, we aim to evaluate the effects of administering
sodium zirconium cyclosilicate (SZC) to patients

with type 2 diabetes mellitus (T2DM) complicated by
hyperkalaemia.

Methods and analysis A total of 80 patients with type 2
diabetes and hyperkalaemia will be included in the study
and randomly stratified into two groups.

After consent, both groups will enter an initiation
phase, receiving 10 g of SZC, three times per day

for 2 days. SZC administration (5 g once daily) will
subsequently commence in group A, while dietary
therapy will be initiated in group B by implementing
a potassium-restricted diet. The primary endpoint

of the study is the proportion of normokalaemic (3.5
mEg/L<serum potassium (sK)<5.0 mEq/L) participants
at visit 7. The secondary endpoints are: (a) the
proportion of normokalaemic participants (3.5 mEq/
L<sK<5.0 mEg/L) at visit 4 and (b) serum potassium
levels at visit 7.

Ethics and dissemination Written informed

consent will be obtained from all participants prior to
commencing the study. This study has been approved
by the Kyoto Prefectural University of Medicine Clinical
Research Review Board. All data obtained from this
study will be published in a peer-reviewed journal.
Trial registration number jRCTs051230067.

9,22

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study aligns with Kidney Disease: Improving
Global Outcomes 2024 guidelines by evaluating
the non-inferiority of sodium zirconium cyclosilicate
(SZC) (a second-line treatment) compared to dietary
potassium restriction (first-line treatment) for man-
aging hyperkalaemia.

= The study design prioritises patient safety by in-
corporating regular monitoring of serum potassium
levels and allowing adjustments to the intervention
as needed.

= The study design facilitates a clear comparison of
the interventions by evaluating the proportion of
participants maintaining normokalaemia over a 4-
week period.

= Dietary adherence is rigorously assessed through
percentage compliance at each visit and detailed
nutrient intake analysis using the Brief-type self-
administered Diet History Questionnaire.

= The study’s evaluation period is limited to 4 weeks,
which may not provide insights into the long-term
effects and safety of SZC or dietary interventions.

INTRODUCTION

Hyperkalaemia is a critical complication of
cardiac and renal failure. A serum potassium
level of 25.0mEq/L is associated with a signif-
icant increase in the HR for renal composite
endpoints (1.22; 95% CI 1.00 to 1.50) and
an increase in the mortality rate among
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postmyocardial infarction patients.' Therefore, the
serum potassium levels must be maintained at<4.9mEq/L
to achieve optimal renal prognosis and longevity.”

The ‘Fantastic Four’ strategy, a renowned treatment
strategy, is recommended for the management of cardiac
and renal failure.” The regimen for heart failure involves
the administration of angiotensin receptor-neprilysin
inhibitors, beta-blockers, mineralocorticoid receptor
antagonists (MRAs) and sodium-glucose cotransport-
er-2 (SGLT?2) inhibitors.” The regimen for renal failure
involves the administration of renin-angiotensin-
aldosterone system (RAAS) inhibitors, SGLT2 inhibitors,
MRAs and metformin. RAAS inhibitors, the firstline
treatment for the management of blood pressure in
patients with diabetes,' have renoprotective and hypo-
tensive effects. These drugs slow disease progression and
improve the prognosis; however, their use is associated
with an increased risk of developing hyperkalaemia.” A
previous study has shown that more than 25% of chronic
kidney disease (CKD) patients with an estimated glomer-
ular filtration rate (eGFR) of 15-29 and diabetes mellitus
develop hyperkalaemia.’

While RAAS inhibitors and MRAs are effective in
treating CKD, previous meta-analyses have indicated a
significantly elevated risk of hyperkalaemia when these
medications are used alone or in combination (OR for
combination therapy compared with placebo: 6.08;
95% CI 2.30 to 16.08).”

Effective management of hyperkalaemia is crucial
to ensure the continued use of these medications. The
Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines previously recommended the discontinuation
of the administration of RAAS inhibitors if the patient
develops hyperkalaemia. However, the latest guidelines
recommend continuing their administration and advo-
cating for the active management of serum potassium
levels.® The current approach recommends identifying
a differential diagnosis based on the incidence of rapid
renal decline, metabolic acidosis or hyperkalaemia owing
to the concomitant use of other medications and suggests
tailored actions for each scenario.” Maintaining the
serum potassium level at <5.5mEq/L while continuing
the administration of RAAS inhibitors, in addition to
the implementation of a potassium-restricted diet or
the administration of cationic medications, is advised
if the elevation in the serum potassium levels is caused
by excessive potassium intake.”'® Medical nutritional
therapy prescribed by a registered nutritionist, which
facilitates the regulation of serum potassium levels via
the implementation of dietary restrictions, is the pillar of
this management strategy. The KDIGO 2024 CKD Guide-
lines recommend a potassium-restricted diet as the first-
line treatment for hyperkalaemia, with medications as a
second-line option. However, in practical clinical settings,
adhering to a potassium-restricted diet may not always be
feasible.

We aim to evaluate the efficacy of this conven-
tional dietary approach with that of sodium zirconium

cyclosilicate (SZC), a new therapeutic agent that binds
potassium in the gastrointestinal tract and promotes its
excretion, thereby reducing serum potassium levels.
This non-inferiority trial aims to demonstrate that SZC
can provide effects comparable or superior to those of
standard dietary therapy. The findings of this trial could
aid in improving the management of hyperkalaemia in
patients with cardiac and renal failure via the Fantastic
Four strategy. Furthermore, determining whether the
efficacy of SZC is equivalent to or greater than that of the
first-line treatment could significantly expand the treat-
ment options, thereby offering new therapeutic options.
This protocol meticulously examines these aspects and
aims to facilitate the establishment of future treatment
strategies.

METHODS AND ANALYSIS

study design

A total of 80 patients with type 2 diabetes mellitus
(T2DM) complicated by hyperkalaemia will be randomly
stratified into two groups in this multicentre, open-label,
randomised controlled trial (RCT) (Non-inferiority
of sodium zirconium cyclosilicate versus potassium-
restricted diet in achieving normokalaemia in patients
with type 2 diabetes mellitus: protocol for a multicentre,
open-label, randomised controlled, two-arm clinical trial
(SILVERSTAR study)) (figure 1).

Study population

The following inclusion and exclusion criteria were set
such that only patients who met the purpose of this study
were included in the study while ensuring their safety.
Patients who require legal representatives will be excluded
to ensure that the efficacy is assessed appropriately. The
serum potassium level and ECG results recorded within
3days before providing and other parameters recorded
within 6 weeks before providing consent will be used to
determine eligibility.

The study will include only those patients who meet
all of the following criteria: (a) patients diagnosed with
T2DM according to the treatment guideline for diabetes
mellitus released by the Japan Diabetes Society in 2019,
(b) patients with a serum potassium level of >5.0mEq/L
but <6.0mEq/L at the time of providing consent, (c)
patients aged >20 years but <90 years at the time of
providing consent and (d) patients providing written
consent.

Patients who meet any of the following criteria
will be excluded: (a) patients who received other
conventional pharmacotherapy for the management
of hyperkalaemia within 7days before providing
consent; (b) patients diagnosed with acute kidney
injury according to the KDIGO criteria; (c) patients
with an eGFR of <15mL/min/1.72 m2, serum creat-
inine level of >3.5mg/dL or history of undergoing
dialysis; (d) patients with cardiac failure (NYHA
classification III or IV), (e) patients whose activities
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Figure 1

of daily living level is PS2 or higher and aged 265
years; (f) patients with a history of QT prolongation
induced by other pharmaceutical agents and those
with a history of discontinuing pharmacotherapy;
(g) patients with congenital long QT syndrome; (h)
patients with QTc (f) of >650 ms; (i) patients with a
pacemaker; (j) patients with symptomatic or uncon-
trolled atrial fibrillation despite receiving treatment
or patients with asymptomatic sustained ventricular
tachycardia (patients with atrial fibrillation well-
controlled by pharmacotherapy can be included in
this study); (k) pregnant women and those planning
to conceive; (1) patients receiving treatment for the
management of malignant neoplasms; (m) patients
with moderate to severe anaemia (haemoglobin (Hb)
level of <100 g/L) whose primary disease is other than
diabetic nephropathy; (n) patients with hypoalbu-
minaemia (serum albumin level of <3.5¢g/dL) whose
primary disease is other than diabetic nephropathy;
(o) patients with nephrotic syndrome (urine protein
and serum albumin levels of <3.5g/day and <3.0g/
dL, respectively) whose primary disease is other
than diabetic nephropathy; (p) patients with poor
adherence, as judged by the attending physician; (q)
patients who require a legal representative; and (r)
patients with conditions deemed unsuitable for the
administration of SZC by the attending physician.

Treatment protocol
Figures 2 and 3 present the flowcharts of the interven-
tions in the SZC and standard treatment groups.

SZC (10g) will be administered three times per day for
2-3days to the patients in both groups after obtaining
consent. The potassium-restricted diet will be imple-
mented in accordance with the guidelines.* ' The
instructions for the potassium-restricted diet prescribed
by registered dietitians are as follows:

1. Continue the restriction of total energy, protein and
sodium prescribed before participating in the study.

within 24 hours after confirmation
of serum potassium normalization
at visit 2 or 3

serum potassium

| 4weeks |

iday7-10 day 28-42

visit 7
(day 28-42)
blood test
serum potassium
electrocardiography
urine test
(fecal test)
questionnaire

visit 4
(day7-10)
serum potasswum

visit 5 visit 6
(day 14-20) (day 21-30)
serum potassium serum potassium

if 5.0<sK<6.0mEq/L
at visit 5

if 5.0<sK<6.0mEq/L
at visit 4

if third day administration
of SZC initial dose is required

Study design. sK, serum potassium; SZC, sodium zirconium cyclosilicate.

2. Total energy: 25-35 kcal/kg/day, according to physical
activity.
3. Protein: 0.8-1.0g/kg/day (diabetic nephropathy stage
3); 0.6-0.8 g/kg/day (diabetic nephropathy stage 4).
. Sodium: <6g/day if the participant is hypertensive.
5. Implement potassium restriction to achieve a potassi-
um intake level of <1.5g/day.
In addition, standard diet therapy for the management
of diabetes mellitus will continue in both groups. The
schedule is outlined below.

S

Screening

Potential participants will be selected based on the inclu-
sion and exclusion criteria (screening). The most recent
serum potassium level and ECG results recorded within
3 days before providing consent, along with other param-
eters recorded within 6 weeks before consent, will be used
to assess eligibility.

Consenting and registration

Written informed consent will be obtained after
explaining the study objectives, and the investigators will
enter the required information into a specific web system
after obtaining consent (registration). Consent form is
presented as online supplemental material 1. In prin-
ciple, the dosage and type of medication must remain the
same during the period between obtaining consent and
the end of the observation period.

Tests performed at visit 1 (baseline)

Blood (fasting) and urine (spot) tests will be
performed at visit 1 (baseline) after registration
and within 3 days of the screening test. The study
subjects will also complete the Diabetes Diet-Related
Quality of Life Revised (DDRQOL-R), Brief-type self-
administered Diet History Questionnaire (BDHQ)
and Gastrointestinal Symptom Rating Scale (GSRS)
questionnaires.'®*’
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Figure 2 Flowchart of the interventions in the SZC group. sK, serum potassium; SZC, sodium zirconium cyclosilicate.
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Figure 3 Flowchart of the interventions implemented in the standard treatment group. sK, serum potassium; SZC, sodium
zirconium cyclosilicate.
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period will be 2-3 days. The day of administering the
initial dose of SZC will be considered the start of the
observation (reference date/day 1).

Tests performed at visit 2 (day 3)

Blood tests (fasting), urine tests and an ECG will
be performed at visit 2, that is, day 3 after the refer-
ence day. Adherence to the study intervention will be
determined through interviews. Assignment will be
conducted within 24 hours after completing the tests
performed at visit 2 (day 3) if the serum potassium
level is 23.5mEq/L but <5.0mEq/L at that visit. SZC
will be administered on the 3rd day, and visit 3 (day 4)
will be scheduled on the day after visit 2 (day 3) if the
serum potassium level is >5.0mEq/L but <6.0mEq/L
at visit 2 (day 3). Visit 3 (day 4) and assignment will
not be conducted, and the measures for hyperkalaemia
or hypokalaemia described in the criteria for discontin-
uing the study intervention will be commenced if the
serum potassium level is >6.0 mEq/L or <3.5mEq/L at
visit 2 (day 3).

Tests performed at visit 3 (day 4)

Fasting blood test will be conducted on the day after visit 2
(day 3) and the administration of SZC will be continued if
the serum potassium level at visit 2 (day 3) is 25.0mEq/L
but <6.0mEq/L. Adherence to the study intervention will
be determined by conducting interviews. Assignment will
be conducted within 24 hours after completing the tests
to be performed at visit 3 (day 4) if the serum potassium
level is 23.5mEq/L but <5.0mEq/L at visit 2 (day 3).
Assignment will not be conducted and the measures for
hyperkalaemia or hypokalaemia described in the criteria
for discontinuing the study intervention will be imple-
mented if the serum potassium level is >5.0mEq/L or
<3.5mEq/L at visit 2 (day 3).

Assignment

The investigators will enter the required information into
the specific web system (DC Entry Maker) for assignment
within 24 hours after completing the tests conducted at
visit 2 (day 3) or visit 3 (day 4) if the serum potassium
level of the participant is 23.5mEq/L but <5.0mEq/L
at either visit. Random assignment to the SZC or stan-
dard treatment (potassium-restricted diet) group will
be performed at a ratio of approximately 1:1 using a
computer-based dynamic allocation method with a mini-
misation procedure to balance two allocation factors
(eGFR (<30mL/min/1.73 m* and >30mL/min,/1.73 m?)
at the time of providing consent and the serum potassium
level (<4.3mEq/L and 4.3 mEq/L) at visit 2 (day 3)).
Assignment will not be conducted, the study intervention
will be discontinued, and the measures for hyperkalaemia
or hypokalaemia described in the criteria for discontin-
uation of the study intervention will be implemented if
the serum potassium level is 25.0mEq/L or <3.5mEq/L
at visit 2 (day 3) or visit 3 (day 4).

Commencement of the administration of the SZC maintenance
dose and implementation of the potassium-restricted diet
prescribed by a registered dietitian

Participants in the SZC group will receive a mainte-
nance dose of the study agent (5g of SZC adminis-
tered once daily) within 24 hours after completing the
tests conducted at visit 2 (day 3) or visit 3 (day 4). The
potassium-restricted diet prescribed by a registered dieti-
tian will be implemented in the standard treatment group
within 24 hours after completing the tests conducted at
visit 2 (day 3) or visit 3 (day 4). The administration of
the maintenance dose of the study agent or the imple-
mentation of the potassium-restricted diet prescribed by
a registered dietitian should commence after completing
the tests conducted at visit 2 (day 3) and assignment.

Tests performed at visit 4 (days 7-10)

Blood tests (fasting) will be conducted 7-10 days after the
reference day. Adherence to the study intervention or the
potassium-restricted dietwill be determined by conducting
interviews. The administration of SZC (5g administered
once daily) will continue if the serum potassium level is
>3.5mEq/L but <5.0mEq/L at visit 4 (days 7-10). Visits
5 (days 14-20) and 6 (days 21-30) will be omitted, and
the administration of SZC (5g administered once daily)
will be continued till visit 7 (days 28-42). Implementa-
tion of the potassium-restricted diet will continue without
providing the instructions for the potassium-restricted
diet prescribed by a registered dietitian in the standard
treatment group. Visits 5 (days 14-20) and 6 (days 21-30)
will be omitted, and the potassium-restricted diet will be
continued until visit 7 (days 28-42).

SZC (10g) will be SZC administered once daily in the
SZC group and visit 5 (days 14-20) will be conducted if
the serum potassium level is 25.0mEq/L but <6.0mEq/L
at visit 4 (days 7-10). The potassium-restricted diet
prescribed by a registered dietitian will be implemented
again in the standard treatment group and visit 5 (days
14-20) will be conducted.

The study intervention will be discontinued and
the treatment for hyperkalaemia or hypokalaemia as
described in the criteria for the discontinuation of the
study intervention will be commenced in both groups if
the serum potassium level is >6.0mEq/L or <3.5mEq/L
at visit 4 (days 7-10).

Tests performed at visit 5 (days 14-20)

Blood tests (fasting) will be conducted 7-10 days after visit
4 if the serum potassium level (day 3) is >5.0mEq/L but
<6.0mEq/L at visit 4. Adherence to the study interven-
tion or the potassium-restricted diet will be determined
by conducting interviews.

The administration of SZC (10g) will continue once
daily in the SZC group if the serum potassium level of
the participant is 23.5mEq/L but <5.0mEq/L at visit 5
(days 14-20). Visit 6 (days 21-30) will be omitted, and
the administration of SZC (10g) will be continued once
daily until visit 7 (days 28-42). The instructions for
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implementing the potassium-restricted diet prescribed
by a registered dietitian will not be provided in the
standard treatment group, but the implementation of
the potassium-restricted diet will continue. Visit 6 (days
21-30) will be skipped and the potassium-restricted diet
will continue to be implemented until visit 7 (days 28—42).

The administration of SZC (15g) will continue once
daily in the SZC group, and visit 6 (days 21-30) will be
conducted if the serum potassium level is >5.0mEq/L
but <6.0mEq/L at visit 5 (days 14-20) and if the serum
potassium level decreases from visit 4 (days 7-10). The
registered dietitians will provide instructions on how to
implement the potassium-restricted diet again, and visit 6
(days 21-30) will be conducted in the standard treatment
group.

The study intervention will be discontinued, and the
treatment measures for hyperkalaemia, as described in the
criteria for the discontinuation of the study intervention,
will be implemented in both groups if the serum potas-
sium level is >6.0mEq/L or <3.5mEq/L at visit 5 (days
14-20) or if the serum potassium level is 25.0mEq/L but
<6.0mEq/L visit 5 (days 14-20) and the serum potassium
level does not decrease from visit 4 (days 7-10).

Tests performed at visit 6 (days 21-30)

Blood tests (fasting) will be conducted 7-10 days after visit
5 (days 14-20) if the serum potassium level is >6.0mEq/L
or <3.5mEq/L at visit 5 (days 14-20). Adherence to the
study intervention or the potassium-restricted diet will be
determined by conducting interviews.

Visit 6 (days 21-30) will be skipped if visit 7 (days 28-42)
is conducted 7-10days after visit 5 (days 14-20).

The administration of SZC (15g) will be continued
once daily in the SZC group if the serum potassium level
is 23.5mEq/L but <5.0mEq/L at visit 6 (days 21-30). The
instructions for implementing the potassium-restricted
diet will not be provided to the registered dietitians in the
standard treatment group and the potassium-restricted
diet will continue to be implemented.

The study intervention will be discontinued and
treatment for hyperkalaemia or hypokalaemia will be
commenced in both groups if the serum potassium level
is >5.0mEq/L or <3.5mEq/L at visit 6 (days 21-30).

Tests performed at visit 7 (days 28-42)

Blood tests (fasting), urine tests and an ECG will be
conducted 28-42 days after the reference day. The partic-
ipants assigned to the SZC group will receive the study
agent until the morning of visit 7 and will undergo the
tests to be performed at visit 7 at the earliest. Adherence
to the study intervention or the potassium-restricted diet
will be determined by conducting interviews.

The study subjects will be instructed to complete the
DDRQOL-R, BDHQ and GSRS questionnaires. The
participants at medical institutions where faecal tests can
be conducted will also be instructed to provide samples of
their faeces using a specific vessel on a day as close to visit
7 (days 28-42) as possible. The samples will be sent to the

Department of Endocrinology and Metabolism, Kyoto
Prefectural University of Medicine by post.

Safety monitoring (throughout the observation period)

The investigators monitored the safety information of
the study subjects throughout the observation period
(from registration to the end of the tests at visit 7 (days
28-42)), including the occurrence of any adverse events
or diseases. In addition, the investigators monitored the
safety information of the study subjects 4 weeks after the
tests at visit 7 (days 28-42) by asking them to contact the
attending physician as soon as possible if any adverse
events occurred.

Observation schedule
Online supplemental material 2 provides an overview of
the observation schedule.

Treatment/intervention

Prohibited concomitant drugs/treatment

The implementation of pharmacotherapies for the
management of hyperkalaemia, other than the SZC
regimen, will be prohibited in both groups during the
administration period of the initial dose of SZC.

The implementation of any pharmacotherapy for the
management of hyperkalaemia, other than the SZC
regimen, will be prohibited in the SZC group after
completing the tests performed at visit 2 (day 3). The
implementation of all pharmacotherapies for the manage-
ment of hyperkalaemia, including the administration of
SZC, will be prohibited in the standard treatment group.

Instructions for the implementation of the potassium-
restricted diet prescribed by a registered dietitian will be
prohibited in the SZC group.

Restricted concomitant drugs/treatment

In principle, the addition, discontinuation, switching
or dose changes of RAAS inhibitors and diuretic agents
will not be permitted during the observation period.
Follow-up monitoring to assess safety will be conducted via
interviews or telephone calls approximately 1 week later if
the addition, discontinuation, switching or dose changes
of RAAS inhibitors and diuretic agents are required.

The implementation of other pharmacotherapies will
not be restricted in this study; however, in principle, the
addition, discontinuation, switching or dose changes of
any medication will not be permitted.

Criteria for discontinuing the study intervention

Necessary measures, such as discontinuing the adminis-
tration of SZC or the implementation of the potassium-
restricted diet, will be taken if the responsible investigator
or sub-investigator judges that the study intervention is
difficult to continue for any of the following reasons. The
data of these participants will be considered as the data of
a ‘study intervention discontinuation case’. The date, time
point, reason for discontinuation and course of the disease
will be entered into the card and case report form (CRF).
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All necessary tests will also be performed on discontinua-
tion of the study intervention. The efficacy and safety of
the treatment will be evaluated at this point. Observation
will continue until visit 7 (days 28—42) if the study interven-
tion is discontinued due to criteria 2-5 (hyperkalaemia or
hypokalaemia). Moreover, the items to be evaluated will be
followed up to assess safety even if the study intervention is
discontinued owing to other criteria. The participant will
be considered a ‘dropout case’ if consent is withdrawn.
The responsible investigator or sub-investigator will use the
consent withdrawal form to confirm whether the data that
has already been collected can be used.

1. Participant voluntarily wishes to discontinue partici-
pation in the study or withdraw consent.

2. The serum potassium level is 25.0mEq/L at visit 3
(day 3) or visit 6 (days 21-30).

3. The serum potassium level is >6.0mEq/L at visit 2
(day 3), visit 4 (days 7-10), or visit 5 (days 14-20).

4. The serum potassium level is >=5.0mEq/L but
<6.0mEq/L at visit 5 (days 14-20) and the serum
potassium level does not decrease from visit 4 (days
7-10) to visit 5 (days 14-20).

5. Incidence of hypokalaemia (serum potassium level of

<3.5mEq/L).

QTc (f) is>b50 ms.

7. QTc (f) is >500ms and the serum potassium level
within 1 hour after ECG meets criteria 2-5.

8. Continuing the administration of SZC or the imple-
mentation of the potassium-restricted diet is deemed
inappropriate owing to the worsening of the primary
disease or complications.

9. Necessity of discontinuing the administration of SZC
or the implementation of the potassium-restricted
diet owing to the incidence of adverse events or
diseases.

10. Remarkably poor adherence (medication rate or ad-
herence to the potassium-restricted diet is <75% or
2120% than the planned number).

11. Major deviation from the study protocol that severely
affects the study results.

12. Discontinuation of the study intervention consid-
ered appropriate by the investigators owing to other
reasons.

The following treatments will be administered if criteria

2—4 (hyperkalaemia) are met:

1. Treatment for the management of hyperkalaemia,
including the administration of sodium polystyrene
sulfonate, calcium polystyrene sulfonate, sodium bicar-
bonate, calcium gluconate or glucose-insulin therapy,
will be commenced by the attending physician.

2. The administration of SZC will be discontinued if any
potassium binders are administered.

3. Haemodialysis or renal replacement therapy will be
considered if severe hyperkalaemia occurs.

The following treatments will be administered if crite-
rion 5 (hypokalaemia) is met:

1. The administration of SZC will be discontinued in
the SZC group, whereas the implementation of the

Sk

potassium-restricted diet will be discontinued in the
standard treatment group.

2. The treatment for the management of hypokalaemia
will be determined at the discretion of the attending
physician.

Criteria for discontinuing the whole study
The principal investigator will determine whether the
patient’s participation in the study should be continued if
itis difficult to continue the study for any of the following
reasons. The principal investigator shall inform the deci-
sion to discontinue the study to the responsible investi-
gators of all collaborating institutions, along with the
underlying reasons, and information on how to imple-
ment necessary measures if continued participation is
deemed inappropriate. The principal investigators will
report the discontinuation of the study to a certified
review board via written documentation.

1. On obtaining critical information about the quality,
safety and efficacy of the study agent.

2. If recruiting participants is difficult or if enrolling the
planned number of participants is determined to be
difficult.

3. If protocol modification is required but cannot be
implemented.

The responsible investigators will promptly discontinue
the study and report the findings to the head of their
institution in the form of a written document if the study
is discontinued. The investigators will also notify partici-
pants of the discontinuation of the study and take appro-
priate action.

Outcome

The primary endpoint of this study is the propor-
tion of normokalaemic (3.5 mEq/L<serum potassium
(sK)<5.0mEq/L) participants at visit 7.

The secondary endpoints of this study are as follows:
(a) the proportion of normokalaemic (3.5 mEq/
L<sK<5.0mEq/L) participants at visit 4 and (b) the serum
potassium level at visit 7. The exploratory endpoints are
as follows: (a) the serum potassium levels at visit 1, 2, 3,
4,5 and 6; (b) the changes in the serum potassium levels
recorded at each visit; (c) the score of DDRQOIL-R in
each domain at visits 1 and 7; (d) the amount of changes
in the DDRQOL-R scores in each domain from visit 1 to
visit 7; (e) the total BDHQ score and the score of each
component at visits 1 and 7; (f) the changes in the BDHQ
scores (total and those of individual components) from
visit 1 to visit 7; (g) the total GSRS and the score of each
component at visits 1 and 7; (h) the changes in the GSRS
scores (total and those of individual components) from
visit 1 to visit 7; (i) the biomarker levels in the blood
at each visit and the changes in the levels from visit 1
to visit 7 (red blood cell count, white blood cell count,
haemoglobin, haematocrit, blood platelet count, hepatic
enzymes (aspartate aminotransferase, alanine amino-
transferase, lactate dehydrogenase, alkaline phosphatase,
Y-glutamyltranspeptidase), uric acid, total cholesterol
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high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, triglyceride, blood urea nitrogen, creat-
inine, eGFR, brain natriuretic peptide, serum sodium,
serum chloride, HbAlc (or glycoalbumin), plasma
glucose, serum albumin, C-peptide and C-peptide index);
(j) the biomarker levels in the urine at each visit and
the changes in the levels from visit 1 to visit 7 (specific
gravity, pH, protein, glucose, ketone bodies, occult blood,
urobilinogen, bilirubin, albumin-to-creatinine ratio,
urine sodium/urine creatinine, urine potassium/urine
creatinine, urine chloride/urine creatinine); (k) the inci-
dence of adverse event and disease; (1) the proportion
of normokalaemic (3.5 mEq/L<sK<5.0mEq/L) partic-
ipants at visit 7 stratified according to the use of RAAS
inhibitors; (m) the correlation between adherence to the
potassium-restricted diet at visit 7 and the changes in the
DDRQOL-R score, serum potassium levels or estimated
mean potassium intake in the standard treatment group;
(n) the changes in serum metabolome; (o) the changes
in urine metabolome; and (p) the changes in faecal
metagenome.

Sample size calculation

Patients with T2DM whose serum potassium level is
>5.0mEq/L will receive 10g of SZC three times per day
as the initial dose for 2days. Thereafter, 5g of SZC will
be administered once daily as the maintenance dose. The
proportion of normokalaemic participants in the SZC
group will be compared with that in the standard treat-
ment group (potassium-restricted diet) after 28 days.

Kosiborod et af' conducted a clinical trial of individ-
uals with abnormal serum potassium levels (=5.1 mEq/L)
and reported that the proportion of participants with
normalised serum potassium levels in the SZC group and
the placebo group was 85.2% and 47.6%), respectively. The
HARMONIZE Global study,” a national regulatory review,
reported that 58.6% of the participants who received 5g
of SZC daily and 24.0% of the participants who received
placebo had normalised serum potassium levels. These
findings indicate that the proportion of normokalaemic
participants in the SZC group at visit 7 (days 28-42) in
this study can be assumed to be 58.6%, which is similar to
that observed in the HARMONIZE Global study.

No previous study has investigated the proportion
of participants whose serum potassium levels were
normalised through the implementation of a potassium-
restricted diet prescribed by dietitians. The mean
serum potassium level on day 29 in the placebo group
in the HARMOIZE-Global study** was estimated as 5.45
mEq/L (SD=0.565) by counting the number of patients
within each serum potassium level subgroup from the
distribution graph of the serum potassium level in the
HARMONIZE-Global study. The implementation of a
potassium-restricted diet can reduce the serum potassium
level by 0.22 mEq/L.*> * The mean serum potassium
level in the standard treatment group can be assumed
to be 5.23 mEq/L (SD=0.565) in this study, calculated by
subtracting 0.22 mEq/L from the mean serum potassium

level at day 29 in the placebo group in the HARMONIZE
Global study. Under this assumption, the expected proba-
bility of serum potassium normalisation is 34%.

The non-inferiority margin is set at 0.1. Statistical non-
inferiority will be tested with a power of 85.5% in each of
the 36 cases under 0=0.025 using a one-sided Farrington-
Manning test. A dropout rate of 10% is assumed for the
study period, resulting in a target of 40 cases in each
group.

Thus, a randomised, non-inferiority comparison study
between the SZC and standard treatment groups with 40
cases in each group can demonstrate that treatment with
SZC is as effective as the implementation of a potassium-
restricted diet in achieving normokalaemia.

Among the 1763 patients included in the diabetes
cohort of the Kyoto Prefectural University of Medicine
(the KAMOGAWA-DM cohort), 205 patients (11.6%)
were eligible for inclusion. Other collaborative research
institutions generally receive approximately 8000 patients
with diabetes; consequently, approximately 800 patients
were estimated to be eligible for inclusion in this study.
The target number of participants to be included in this
study (80) is 10% of the potential eligible candidates, and
it would be feasible to obtain consent and conduct the
study within the planned timeframe.

Statistical analysis
The full analysis set (FAS) and per-protocol set (PPS) will
be analysed for the primary and secondary endpoints.
The analysis of non-inferiority and superiority will be
performed using a one-sided test with a significance level
of 2.5%. The other analyses will be performed using a
two-sided test with a significance level of 5%. A biomed-
ical statistical expert will create a statistical analysis plan
(SAP) separately and specify the details of the statis-
tical methods, including data handling. The SAP will be
prepared prior to the database lock. The statistical expert
will amend the SAP with version history and records of
the content of the amendment if an amendment of the
SAP is required.
1. Full analysis set

The FAS will comprise the participants enrolled (after
providing consent and screening) in this study who will
receive the initial dose of SZC and the treatment defined
in this protocol completely or partially. However, partic-
ipants exhibiting a significant violation of the study
protocol (such as participation without written consent)
will be excluded.
2. Per protocol set

The PPS data set will exclude the participants with any
of the significant protocol violations listed below:
» Violation of the inclusion criteria.

Violation of the exclusion criteria.

Use of prohibited concomitant drugs.

Patients with poor adherence to the study agent

(<60%) and the potassium-restricted diet (<60%) in

the SZC and standard treatment groups, respectively.
(3) Safety analysis set

vYyy
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The safety analysis set will comprise the participants
who receive the initial dose of SZC and the treatment
defined in this protocol completely or partially.

Summary statistics will be calculated for the back-
ground information of the participants by group. The
frequencies and percentages of the categories will be
calculated for the nominal variables. Summary statistics
(number of cases, mean, SD, and the minimum, median
and maximum values) will be calculated for continuous
variables. The % test was used to compare nominal vari-
ables between the groups. Fisher’s exact test will be used
if the proportion of cells with an expected frequency of
<51s 220%. A two-sample t-test or Wilcoxon rank-sum test
will be used to compare continuous variables between the
groups.

Further details regarding the statistical methods are
included in the SAP (online supplemental file 3).

Analysis of the primary endpoint

The proportion of normokalaemic (3.5 mEq/
L<sK<5.0mEq/L) participants at visit 7 and its 95% CI
will be calculated based on the number of participants
in each group. The Farrington-Manning test (one-tailed
test) will be used to assess the non-inferiority of SZC to
potassium-restricted diet in achieving normokalaemia
(3.5 mEq/L<sK<5.0mEq/L). The non-inferiority margin
is set at 0.1. The null hypothesis ‘the proportion of
participants with normal serum potassium levels at visit
7 in the SZC group is at least 10% lower than that in
the standard treatment group’ will be tested. The alter-
native hypothesis ‘the proportion of participants with
normal serum potassium levels at visit 7 in the SZC group
is not more than 10% lower than that in the standard
treatment group’ will be assessed if the null hypothesis
is rejected. The superiority of SZC over a potassium-
restricted diet in achieving normokalaemia (3.5 mEq/
L<sK<5.0mEq/L) will be assessed with the same alpha
(considered if it is >0%) if non-inferiority is proven. The
second null hypothesis is that ‘the proportion of partic-
ipants with normal serum potassium levels at visit 7 in
the SZC group is equal to that in the standard treatment
group’. The alternative hypothesis that ‘the proportion
of participants with normal serum potassium levels at
visit 7 in the SZC group is greater than that in the stan-
dard treatment group’ will be assessed if the null hypoth-
esis is rejected. These assessments will be conducted via
a closed testing procedure without adjusting for multi-
plicity. The primary endpoint will be assessed using the
FAS, whereas the sensitivity analysis will be conducted
using the PPS. A sensitivity analysis is conducted to eval-
uate whether the results of the FAS differ from those of
the PPS, particularly when patients with poor treatment
adherence are excluded.

Participants who meet the discontinuation criteria 2-5
after receiving the initial dose of SZC are considered non-
responders (ie, participants who are not normokalaemic
at visit 7).

Analysis of the secondary endpoints

The proportion of normokalaemic (3.5 mEq/
L<sK<5.0mEq/L) participants at visit 4 will be calculated.
The participants who meet the discontinuation criteria
2-5 after receiving the initial dose of SZC by visit 4 are
considered non-responders (who were not normoka-
laemic at visit 4).

Summary statistics (number of participants, mean, SD,
minimum, median and maximum) for the serum potas-
sium level at visit 7 in each group will be calculated. The
adjusted mean change from baseline and SE in each
group, the intergroup difference in the adjusted mean
change from baseline, and its 95% CI will be determined
by conducting an analysis of covariance (ANCOVA) for
intergroup comparisons. ANCOVA will be performed
with each endpoint as the response variable, and the treat-
ment group and covariates (each endpoint measured at
baseline and other background characteristics) as explor-
atory variables. Missing values will not be imputed. The
secondary endpoints will be analysed using the FAS.

Analysis of the exploratory endpoints
The exploratory endpoints will be analysed using the
statistical methods described in the SAP.

Analysis of the safety endpoints

A table of all adverse events and diseases containing the
number and proportion of participants will be created for
each group and period (SZC initial dose period (visit 1
(day 0)-visit 2 (day 3)), group intervention period (visit 2
(day 3)—visit 7 (days 28-42)) and safety follow-up period
(4 weeks after visit 7 (days 28-42)) separately using the
safety analysis set to analyse the safety endpoints.

Compensation for health damage and insurance

This study is conducted within the scope of approved
treatment using an authorised drug that is commonly
administered. Therefore, as a rule, special compensation
is not provided, even if health damage is caused by the
study drug. The management of such cases is identical to
that of any health damage or medical incident occurring
during routine medical care.

Data management
Data management will be conducted by the data manage-
ment group of EviPRO Co.

The investigators should manage the data of the study
subjects using the central registration number (anonymis-
ation). The information obtained from the study subjects
is collected using CRFs and questionnaires (DDRQOL-R,
BDHQ and GSRS) at each visit. If correction of the data
is required, record the content, date and the reason for
the correction onto the CRF. The investigators should
confirm that all data including the corrected ones are
accurate and complete.

The data submitted by the CRFs or the questionnaires
are entered into the database using the central registra-
tion number by the individuals responsible for the data
management and electronically preserved.
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Central registration numbers are used to identify study
subjects. When transferring data of the study subjects in
electronic form, approval from the person responsible
for data management is required. In the case of the study
subjects who discontinued the study, tests are conducted
as much as possible, and enter the data till the study
discontinuation into the database.

The data handling committee decides all the data
handling including missing data and data deviating from
the protocol, under a masking circumstance not to iden-
tify the study subject, prior to statistical analyses. In prin-
ciple, missing values will not be supplemented unless
specified in the individual analysis.

Handling and storage of samples and information

This study is conducted in accordance with the Personal
Information Protection Law and other legislation/law and
regulation. Unique information (initial, carte number) of
study subjects is stored securely in the research institu-
tions, and information that allows a person outside the
research institution to identify the study subjects (such
as names, addresses, telephone numbers, etc) is not
included in the CRFs and registration database.

A central registration number is used when the data
centre inquires about the data of the study subject to the
research institution.

Anonymised data collected for the analysis is kept
stored for future secondary studies such as meta-analysis.
If the anonymised data is used for other studies, approval
from the ethics review board is required prior to the study
implementation.

All data from the results of this study and the achieve-
ment belong to the principal investigator.

Monitoring

Monitoring is performed in accordance with the standard
operating procedure of the monitoring by a third-party
organisation, EviPRO Co. Regarding the quality of data,
the principal investigator investigates the progress of the
study through monitoring personnel periodically and the
research conducted in compliance with the study protocol
and the Ethical Guidelines for Medical and the Clinical
Trial Act, and takes appropriate measures to prevent any
deviation from the protocol. In addition, the monitoring
personnel make a monitoring report and submit it peri-
odically to the principal investigator. To ensure the safety
of study subjects, adverse events and diseases are moni-
tored and reported promptly.

Auditing

An audit is performed by a third-party organisation,
EviPRO Co. An auditor performs it in accordance with
the protocol and the standard operation procedure of
audit of EviPRO Co to confirm whether this study has
adhered to the study protocol appropriately as stated, by
checking documents and records regarding the approval
by the administrator of the medical institution, informed
consent documents and forms, and the consistency of

CRFs and medical records. The results will be reported
by the auditor to the responsible investigator, the prin-
cipal investigator and the heads of the participating
institutions.

Modification of the study protocol
The principal investigator may consider modifications to
the study protocol as needed.

When the modification of the study protocol is
required, it is amended and revised based on the discus-
sion of the principal investigator, the responsible investi-
gators and the funder. After amendment or revision, the
protocol should be promptly submitted to the certified
review board to obtain approval.

Deviation from the protocol

When investigators need to deviate from or modify the
study protocol to avoid an emergency risk to their study
subjects or for other medically compelling reasons, the
content and reason must be stated in the carte and the
CRF. Investigators also monitor these study subjects as
closely as possible during the study. Even if investigators
deviate from the protocol, they must continue collecting
the necessary information for this study as much as
possible. For data handling, decisions are made by the
data handling committees under blinded conditions.

Considerations for safety and disadvantages

Appropriate treatment and procedures are performed
when adverse events occur, and the events are reported
in accordance with ‘Data Collection, Recording, and
Reporting of Adverse Event and Disease’. To reduce
burdens entailed on the study subjects, this study includes
aminimum number of drugs inhibited to use or restricted
the amount of use or when to use. Special blood tests are
conducted using residual samples to reduce the burden
caused by undergoing tests.

Study execution period

The study period is from 11 July 2023 (JRCT publication
date) to 31 December 2026. The study registration period
runs from 11 July 2023 (JRCT publication date) to 30
November 2025.

Ethics and dissemination

This study will be conducted in accordance with the
tenets of the Declaration of Helsinki. Written informed
consent will be obtained from all participants before
commencing the study. This study has been approved
by the Kyoto Prefectural University of Medicine Clinical
Research Review Board and registered with the Japan
Registry of Clinical Trials.

All data obtained from this study, including records of
the results, raw data, and clinical study reports (including
anonymised CRF), will be accessible to the principal
investigator. However, the principal investigator agrees to
provide the data to the funder upon request. The results
of this study will be published in a peer-reviewed journal.
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DISCUSSION

Dietary potassium restriction achieved through the imple-
mentation of a potassium-restricted diet prescribed by a
registered nutritionist will be established as the standard
treatment in this RCT. The non-inferiority of SZC to this
treatment will be evaluated subsequently. Dietary restric-
tion was selected as the comparator owing to the preva-
lence of its use. However, the current guidelines set forth
by the KDIGO highlight a significant gap in the direct
evidence supporting the efficacy of a potassium-restricted
diet in managing hyperkalaemia. Moreover, KDIGO states
that there is no direct evidence suggesting that increasing
dietary potassium intake or liberalising potassium restric-
tions is safe.

Management of hyperkalaemia through dietary potas-
sium restriction has some drawbacks. Increased dietary
potassium, particularly from plant-based sources, poten-
tially lowers the risk of mortality and disease progression
in patients with CKD.® Therefore, whether increased
potassium intake, particularly from plant-based diets
and recipes, could decrease mortality risk and improve
outcomes in these patients must be further evaluated.
The increase in potassium intake facilitated by plant-
based diets may aid in mitigating the progression of
kidney disease.

The study included nutritional therapy in the control
group, which complicates blinding, and this open-label
design may introduce bias in the evaluation of the results.
However, since the outcome is an objective measure for
the normokalaemic participants, any potential bias in the
interpretation of the results can be mitigated.

This trial specifically aims to include patients with
T2DM owing to concerns that potassium-restricted diets
could worsen glycaemic control.”® Furthermore, dietary
potassium restriction might lead to a poorer nutritional
status, resulting in a decline in health-related quality of
life (QOL).*”

This trial aims to clarify the non-inferiority of SZC
compared to potassium-restricted diets. By demonstrating
the efficacy of SZC, this study suggests that integrating
SZC into treatment regimens could facilitate the relax-
ation of strict dietary potassium limitations. This would
improve glycaemic control and dietary QOL, which would
be particularly advantageous for patients with T2DM,
indicating a potential shift in the management paradigm
for individuals at risk of developing hyperkalaemia.

Author affiliations

1Department of Endocrinology and Metabolism, Kyoto Prefectural University of
Medicine School of Medicine Graduate School of Medical Science, Kyoto, Japan
%Ayabe City Hospital, Ayabe, Japan

*Matsushita Memorial Hospital, Moriguchi, Japan

*Aiseikai Ymashina Hospital, Kyoto, Japan

SShiritsu Suita Shimin Byoin, Suita, Japan

®Department of Diabetes and Metabolic Medicine, Kyoto City Hospital, Kyoto, Japan
"Department of Diabetes Internal Medicine, Fukuchiyama City Hospital,
Fukuchiyama, Japan

®Akashi City Hospital, Akashi, Japan

°Department of Diabetology, Kameoka Municipal Hospital, Kameoka, Japan
'%Department of Diabetology, Nishijin Hospital, Kyoto, Japan

"Department of Diabetology, Nagitsuji Hospital, Kyoto, Japan

'2Department of Diabetes, Kyoto Okamoto Memorial Hospital, Kuze-gun, Japan
"®Kyoto Yamashiro General Medical Center, Kizugawa, Japan

"Kyoto Second Red Cross Hospital, Kyoto, Japan

"5Department of Internal Medicine, Otsu City Hospital, Otsu, Japan
'8Department of Endocrinology, Metabolism, and Diabetes, Saiseikai Suita Hospital,
Osaka, Japan

"Kyoto Saiseikai Hospital, Nagaokakyo, Japan

®Amanogawa Hospital, Kishiwada, Japan

'8 Japanese Red Cross Kyoto Daiichi Hospital, Kyoto, Japan

2Kyoto Chubu Medical Center, Nantan, Japan

% Ashikaga University, Ashikaga, Japan

2Department of Endocrinology and Metabolism, Kyoto Prefectural University of
Medicine, Kyoto, Japan

Acknowledgements We would like to thank Editage (www.editage.com) for
English language editing. The authors also thank all the clinical staff for their
assistance with the execution of the clinical trial and EviPRO Co for their technical
assistance in the launch and execution of this trial.

Contributors JH recruited the participants and led the drafting of the manuscript.
ES contributed to the methodology and reviewed/edited the manuscript. MH and
MF designed the study, reviewed data reports, and reviewed/edited the manuscript.
HO, TO, YH, GK, MT, AK, KM, TY, NK, MY, AKitamura, AKishi, TTsutsumi, MY, MI, SM,
NN, TF, TTanaka and RB recruited the participants, reviewed the study manuscript.
All authors reviewed the results and approved the final version of the manuscript.
Preparing study design, collection, management, analysis and interpretation of
data; writing of the report; and the decision to submit the report for publication is
the responsibility of MH. MH is responsible for the overall content as guarantor.

Funding This study, including the article processing charge, is funded by
AstraZeneca K.K.

Competing interests HO received personal fees from Mochida Pharma Co, Teijin
Pharma, MSD K.K., Mitsubishi Tanabe Pharma Corporation, AstraZeneca K.K.,
Sumitomo Dainippon Pharma Co, Novo Nordisk Pharma, Daiichi Sankyo Co, Eli
Lilly Japan K.K, Kyowa Hakko Kirin Company, Kissei Pharmaceutical Co, Takeda
Pharmaceutical Co, Kowa Pharmaceutical Co, Ono Pharmaceutical Co and Sanofi
K.K. MH received grants from Ono Pharma Co, AstraZeneca K K., Kowa Pharma Co
and received personal fees from Ono Pharma Co, AstraZeneca K.K., Eli Lilly, Japan,
Daiichi Sankyo Co, Mitsubishi Tanabe Pharma Corp, Sumitomo Pharma Co, Kowa
Pharma Co and Sanofi K.K. MF received grants from Qishi Kenko, Ono Pharma Co,
Yamada Bee Farm, Kissei Pharma Co, Nippon Boehringer Ingelheim Co, Mitsubishi
Tanabe Pharma Corp., Sanofi K.K., Daiichi Sankyo Co, Astellas Pharma, Kyowa
Kirin Co, MSD K.K., Sumitomo Pharma Co, Novo Nordisk Pharma, Kowa Pharma
Co, Sanwa Kagagu Kenkyusho Co, Taisho Pharma Co, Eli Lilly, Japan, K.K., Terumo
Corp., Nippon Chemiphar Co, Tejin Pharma, Abbott Japan Co, Medical Co, Johnson
& Johnson K.K, TERUMO Co and received personal fees from Kissei Pharma

Co, Nippon Boehringer Ingelheim Co, Mitsubishi Tanabe Pharma Corp., Sanofi
K.K., Daiichi Sankyo Co, Astellas Pharma, Kyowa Kirin Co, MSD K.K., Sumitomo
Dainippon Pharma Co, Novo Nordisk Pharma, Kowa Pharma Co, Ono Pharma Co,
Eli Lilly Japan K.K., Sanwa Kagaku Kenkyusho Co, Taisho Pharma Co, AstraZeneca
K.K., Bayer Yakuhin, Abbott Japan Co, Mochida Pharma Co, Medtronic Japan Co,
Teijin Pharma, Arkray, Nipro Corp. and TERUMO C.Conflicts of interest are managed
in accordance with the provisions set forth by the Japanese Clinical Trials Act.

Patient and public involvement They will be given a simple summary of the
study outcomes, written in Japanese, once the study has been completed.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,

Hironaka J, et al. BMJ Open 2025;15:¢089564. doi:10.1136/bmjopen-2024-089564

11



and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCI

D iDs

Junya Hironaka http://orcid.org/0000-0002-2970-5333

Hiros!
Yoshi
Noriy

hi Okada http://orcid.org/0000-0002-1707-970X
taka Hashimoto http://orcid.org/0000-0002-8794-0550
uki Kitagawa http://orcid.org/0000-0003-3263-9469

Masahide Hamaguchi http://orcid.org/0000-0002-8651-4445
Michiaki Fukui http://orcid.org/0000-0003-0903-1797

REF
1

ERENCES

Miao Y, Dobre D, Heerspink HJL, et al. Increased serum potassium
affects renal outcomes: a post hoc analysis of the Reduction of
Endpoints in NIDDM with the Angiotensin Il Antagonist Losartan
(RENAAL) trial. Diabetologia 2011;54:44-50.

Goyal A, Spertus JA, Gosch K, et al. Serum potassium levels and
mortality in acute myocardial infarction. JAMA 2012;307:157-64.
Bauersachs J. Heart failure drug treatment: the fantastic four. Eur

13

14

Luo J, Brunelli SM, Jensen DE, et al. Association between Serum
Potassium and Outcomes in Patients with Reduced Kidney Function.
Clin J Am Soc Nephrol 2016;11:90-100.

Bowling CB, Pitt B, Ahmed MlI, et al. Hypokalemia and outcomes

in patients with chronic heart failure and chronic kidney disease:
findings from propensity-matched studies. Circ Heart Fail
2010;3:253-60.

Hayes J, Kalantar-Zadeh K, Lu JL, et al. Association of hypo- and
hyperkalemia with disease progression and mortality in males

with chronic kidney disease: the role of race. Nephron Clin Pract
2012;120:c8-16.

Wang H-H, Hung C-C, Hwang D-Y, et al. Hypokalemia, its
contributing factors and renal outcomes in patients with chronic
kidney disease. PLoS One 2013;8:e67140.

Japanese Society of Nephrology. Standard of diet therapy for chronic
kidney disease 2014. Igakusha; 2014.

Sato E, Suzukamo Y, Miyashita M, et al. Development of a diabetes
diet-related quality-of-life scale. Diabetes Care 2004;27:1271-5.
Kobayashi S, Murakami K, Sasaki S, et al. Comparison of relative
validity of food group intakes estimated by comprehensive and
brief-type self-administered diet history questionnaires against

16 d dietary records in Japanese adults. Public Health Nutr
2011;14:1200-11.

Heart J 2021:42:681-3. 20 Dimenés E, Glise H, Hallerback B, et al. Quality of life in patients

4 The Japan Diabetes Society. Diabetes mellitus treatment guideline with upper gastrointestinal symptoms. An improved evaluation of
2024. Nankodo; 2019. treatment regimens? Scand J Gastroenterol 1993;28:681-7.

5 Hsu T-W, Liu J-S, Hung S-C, et al. Renoprotective effect of renin- 21 Kosiborod M, Rasmussen HS, Lavin P, et al. Effect of sodium
angiotensin-aldosterone system blockade in patients with predialysis zirconium cyclosilicate on potassium lowering for 28 days among
advanced chronic kidney disease, hypertension, and anemia. JAMA outpatients with hyperkalemia: the HARMONIZE randomized clinical
Intern Med 2014:174:347-54. trial. JAMA 2014;312:2223-383.

6 Inker LA, Grams ME, Levey AS, et al. Relationship of Estimated 22 Zannad F, Hsu B-G, Maeda Y, et al. Efficacy and safety of sodium
GFR and Albuminuria to Concurrent Laboratory Abnormalities: An zirconium cyclosilicate for hyperkalaemia: the randomized,
Individual Participant Data Meta-analysis in a Global Consortium. Am placebo-controlled HARMONIZE-Global study. ESC Heart Fail
J Kidney Dis 2019;73:206-17. 2020;7:54-64.

7 Luo X, Xu J, Zhou S, et al. Influence of SGLT2i and RAASI and Their 23 Arnold R, Pianta TJ, Pussell BA, et al. Randomized, Controlled Trial
Combination on Risk of Hyperkalemia in DKD: A Network Meta- of the Effect of Dietary Potassium Restriction on Nerve Function in
Analysis. Clin J Am Soc Nephrol 2023;18:1019-30. CKD. Clin J Am Soc Nephrol 2017;12:1569-77.

8 Kidney Disease: Improving Global Outcomes (KDIGO) CKD 24 Morris A, Krishnan N, Kimani PK, et al. Effect of Dietary Potassium
Work Group. KDIGO 2024 Clinical Practice Guideline for the Restriction on Serum Potassium, Disease Progression, and Mortality
Evaluation and Management of Chronic Kidney Disease. Kidney Int in Chronic Kidney Disease: A Systematic Review and Meta-Analysis.
2024;105:117-314. J Ren Nutr 2020;30:276-85.

9 Japanese Society of Nephrology. Evidence-based ckd guideline 25 Clase CM, Carrero JJ, Ellison DH, et al. Potassium homeostasis and
2018. Tokyo Igakusha; 2018. management of dyskalemia in kidney diseases: conclusions from a

10 Korgaonkar S, Tilea A, Gillespie BW, et al. Serum potassium and kidney disease. Improving Global Outcomes (KDIGO) Controversies
outcomes in CKD: insights from the RRI-CKD cohort study. Clin J Conference; 2020:42-61.

Am Soc Nephrol 2010;5:762-9. 26 Brandao-Lima PN, Carvalho GB de, Santos RKF, et al. Intakes of

11 Einhorn LM, Zhan M, Hsu VD, et al. The frequency of hyperkalemia Zinc, Potassium, Calcium, and Magnesium of Individuals with Type
and its significance in chronic kidney disease. Arch Intern Med 2 Diabetes Mellitus and the Relationship with Glycemic Control.
2009;169:1156-62. Nutrients 2018;10:1948.

12 Nakhoul GN, Huang H, Arrigain S, et al. Serum Potassium, End- 27 Clegg DJ, Headley SA, Germain MJ. Impact of Dietary Potassium
Stage Renal Disease and Mortality in Chronic Kidney Disease. Am J Restrictions in CKD on Clinical Outcomes: Benefits of a Plant-Based
Nephrol 2015;41:456-63. Diet. Kidney Med 2020;2:476-87.

12 Hironaka J, et al. BMJ Open 2025;15:2089564. doi:10.1136/bmjopen-2024-089564


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2970-5333
http://orcid.org/0000-0002-1707-970X
http://orcid.org/0000-0002-8794-0550
http://orcid.org/0000-0003-3263-9469
http://orcid.org/0000-0002-8651-4445
http://orcid.org/0000-0003-0903-1797
http://dx.doi.org/10.1007/s00125-010-1922-6
http://dx.doi.org/10.1001/jama.2011.1967
http://dx.doi.org/10.1093/eurheartj/ehaa1012
http://dx.doi.org/10.1093/eurheartj/ehaa1012
http://dx.doi.org/10.1001/jamainternmed.2013.12700
http://dx.doi.org/10.1001/jamainternmed.2013.12700
http://dx.doi.org/10.1053/j.ajkd.2018.08.013
http://dx.doi.org/10.1053/j.ajkd.2018.08.013
http://dx.doi.org/10.2215/CJN.0000000000000205
http://dx.doi.org/10.2215/CJN.05850809
http://dx.doi.org/10.2215/CJN.05850809
http://dx.doi.org/10.1001/archinternmed.2009.132
http://dx.doi.org/10.1159/000437151
http://dx.doi.org/10.1159/000437151
http://dx.doi.org/10.2215/CJN.01730215
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.899526
http://dx.doi.org/10.1159/000329511
http://dx.doi.org/10.1371/journal.pone.0067140
http://dx.doi.org/10.2337/diacare.27.6.1271
http://dx.doi.org/10.1017/S1368980011000504
http://dx.doi.org/10.3109/00365529309098272
http://dx.doi.org/10.1001/jama.2014.15688
http://dx.doi.org/10.1002/ehf2.12561
http://dx.doi.org/10.2215/CJN.00670117
http://dx.doi.org/10.1053/j.jrn.2019.09.009
http://dx.doi.org/10.3390/nu10121948
http://dx.doi.org/10.1016/j.xkme.2020.04.007

	Non-­inferiority of sodium zirconium cyclosilicate versus potassium-­restricted diet in achieving normokalaemia in patients with type 2 diabetes mellitus: protocol for a multicentre, open-­label, randomised controlled, two-­arm clinical trial (SILVERSTAR 
	Abstract
	Introduction﻿﻿
	Methods and analysis
	study design
	Study population
	Treatment protocol
	Screening
	Consenting and registration
	Tests performed at visit 1 (baseline)
	Administration of the initial dose of SZC (reference date/day 1)
	Tests performed at visit 2 (day 3)
	Tests performed at visit 3 (day 4)
	Assignment
	Commencement of the administration of the SZC maintenance dose and implementation of the potassium-restricted diet prescribed by a registered dietitian
	Tests performed at visit 4 (days 7–10)
	Tests performed at visit 5 (days 14–20)
	Tests performed at visit 6 (days 21–30)
	Tests performed at visit 7 (days 28–42)
	Safety monitoring (throughout the observation period)
	Observation schedule
	Treatment/intervention

	Prohibited concomitant drugs/treatment
	Restricted concomitant drugs/treatment
	Criteria for discontinuing the study intervention
	Criteria for discontinuing the whole study
	Outcome
	Sample size calculation
	Statistical analysis
	Analysis of the primary endpoint
	Analysis of the secondary endpoints
	Analysis of the exploratory endpoints
	Analysis of the safety endpoints
	Compensation for health damage and insurance
	Data management
	Handling and storage of samples and information
	Monitoring
	Auditing
	Modification of the study protocol
	Deviation from the protocol
	Considerations for safety and disadvantages
	Study execution period
	Ethics and dissemination

	Discussion
	References


