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ABSTRACT

Introduction: Hyperkalemia (HK) may result in
disruptions of guidelines-concordant renin-an-
giotensin-aldosterone system inhibitors
(RAASi), a standard of care in persons with
chronic kidney disease (CKD). Such disrup-
tions—dose reduction or discontinuation—di-
minish the benefits of RAASi, placing patients at
risk of serious events and renal dysfunction.
This real-world study evaluated RAASi modifi-
cations among patients who initiated sodium
zirconium cyclosilicate (SZC) for HK.

Methods: Adults (C 18 years) initiating outpa-
tient SZC (index date) while on RAASi were
identified from a large US claims database
(January 2018–June 2020). RAASi optimization
(maintain same or up-titration of RAASi
dosage), non-optimization (down-titration of
RAASi dosage or discontinuation), and persis-
tence were descriptively summarized following
index. Predictors of RAASi optimization were
assessed using multivariable logistic regression
models. Analyses were conducted by subgroups,
including patients without end-stage kidney
disease (ESKD), with CKD, and with
CKD ? diabetes.
Results: A total of 589 patients initiated SZC
during RAASi therapy (mean age 61.0 years,
65.2% male), and 82.7% patients (n = 487) kept
RAASi after index (mean follow-up =
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8.1 months). Most patients (77.4%) optimized
RAASi therapy after initiating SZC; 69.6%
maintained the same dosage while 7.8% had
up-titrations. A similar rate of RAASi optimiza-
tion was observed among subgroups without
ESKD (78.4%), with CKD (78.9%), and with
CKD ? diabetes (78.1%). At 1-year post-index,
73.9% of all patients who optimized RAASi were
still on therapy, while only 17.9% of patients
who did not optimize therapy were still on a
RAASi. Among all patients, predictors of RAASi
optimization included fewer prior hospitaliza-
tions (odds ratio = 0.79, 95% CI [0.63–1.00];
p\0.05) and fewer prior emergency depart-
ment (ED) visits (0.78 [0.63–0.96]; p\0.05).
Conclusion: Consistent with clinical trial find-
ings, nearly 80% of patients who initiated SZC
for HK optimized their RAASi therapy. Patients
may require long-term SZC therapy to encour-
age continuation of RAASi therapy especially
after inpatient and ED visits.

Keywords: Renin-angiotensin-aldosterone
system inhibitors; Hyperkalemia; Sodium
zirconium cyclosilicate; Chronic kidney
disease; Modification; Optimization; Treatment
persistence; Retrospective cohort study; Real-
world evidence

Key Summary Points

Why carry out this study?

Hyperkalemia (HK) may disrupt optimal
use of renin-angiotensin-aldosterone
system inhibitors (RAASi), thereby
reducing their therapeutic benefits.

Since RAASi are a cornerstone therapy for
chronic kidney disease (CKD) and other
conditions such as heart failure and
hypertension, it is important that patients
can maintain their RAASi medications
even after experiencing HK; that said,
there are scant data beyond the clinical
trial setting that characterizes RAASi
modification after sodium zirconium
cyclosilicate (SZC) treatment.

What did the study ask?

To address this knowledge gap, the
authors sought to use administrative
claims data to describe RAASi
modification among patients treated with
SZC to manage HK in the outpatient
setting, including RAASi optimization
(i.e., % of patients who maintained the
same dosage or who had an up-titration),
non-optimization (i.e., % of patients who
discontinued or who had a down-
titration), and persistence (i.e., duration of
time on treatment).

What was learned from the study?

Consistent with clinical trial findings, this
real-world study found that the majority
of patients who initiated SZC for HK
optimized their RAASi therapy (77.4%);
similar results were observed among
subgroups with different risk factors and
underlying conditions, including those
without end-stage renal disease, with
CKD, and with CKD ? diabetes.

Among the patients who optimized RAASi
after SZC initiation, 73.9% were still on
RAASi therapy at 1-year post-index
(median time to discontinuation: not
reached), whereas 17.9% of patients who
did not optimize RAASi after SZC
initiation were still on therapy at 1-year
post-index (median 46.0 days to
discontinuation).

Predictors of successful optimization of
RAASi therapy at follow-up included fewer
prior hospitalizations (odds ratio = 0.79,
p\0.05) and fewer prior emergency
department (ED) visits (0.78; p\0.05),
indicating that patients may require long-
term SZC therapy to encourage the use of
ongoing RAASi therapy especially after
hospitalization or ED visits.
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INTRODUCTION

Hyperkalemia (HK) is an electrolyte imbalance
defined as a serum potassium level above the
normal physiological range [1] with various
thresholds used to indicate the degree of sever-
ity of HK [2]. Elevated levels of potassium may
induce electrophysiological disturbances that
can result in muscle weakness or paralysis and
in cardiac arrhythmia [3]. The most serious
clinical manifestations of HK are potentially life
threatening and have been associated with
increased all-cause and in-hospital mortality [4].
Since potassium is primarily eliminated via the
kidneys, the risk of HK is increased among
patients with renal dysfunction and/or meta-
bolic disorders (e.g., diabetes) [1]. Indeed, HK is
an established complication of reduced renal
function in patients suffering from either
chronic kidney disease (CKD) or acute renal
failure [3]. The prevalence of HK in the USA in
2014 was 1.6%, and the prevalence of HK
among patients with stage 3 CKD in the US was
estimated to be 5% [4].

For patients with CKD or heart failure (HF),
the current standard of care includes treatment
with renin-angiotensin-aldosterone system
inhibitors (RAASi) [5]. In particular, the KDIGO
2022 Diabetes in CKD and 2021 Clinical Prac-
tice Guidelines recommend treatment with
RAASi such as angiotensin-converting enzyme
inhibitors (ACEi) or angiotensin receptor
blockers (ARBs) [5, 6] as they have been found
to slow progression to end-stage kidney disease
(ESKD) and reduce mortality [7–11]. However,
the use of various RAASi such as ACEi, ARB,
mineralocorticoid receptor antagonists (MRA),
aldosterone receptor antagonists, angiotensin
receptor neprilysin inhibitors (ARNi), and direct
renin inhibitors (DRIs) has been shown to
increase both the frequency and severity of HK
[12]. Conversely, HK may disrupt optimal RAASi
use, thereby diminishing its therapeutic bene-
fits and placing patients at greater risk of car-
diovascular events, renal dysfunction, or death
[13, 14].

Novel anti-HK therapies (also known as
novel oral potassium binders or gastrointestinal
cation exchanger therapies), such as patiromer

or sodium zirconium cyclosilicate (SZC), may be
able to facilitate the use of RAASi and have
recent guideline support from KDIGO 2021 and
2022 guidelines [5, 6] as well as a class 2b rec-
ommendation from ACC/AHA/HFSA guidelines
in 2022 [15]. Notably, SZC, a selective potas-
sium binder approved by the US Food and Drug
Administration for the treatment of HK in 2018
[16], has been shown to promote RAASi persis-
tence (i.e., continuing the treatment for the
prescribed duration) and optimization (i.e.,
maintained or increased dose) in clinical trials
[17].

Since RAASi are important treatments for
CKD and other conditions such as HF and
hypertension [5], it is important that patients
with HK are able to maintain their RAASi med-
ications even after experiencing HK. However,
real-world data characterizing RAASi modifica-
tions including RAASi optimization after SZC
treatment are limited. To address this knowl-
edge gap, the present study aimed to describe
RAASi modifications among patients treated
with SZC to manage HK in the outpatient set-
ting while the patients were on baseline RAASi
therapy.

METHODS

Data Source

Data were obtained from two large, closed
medical and pharmacy insurance claims data-
sets from HealthVerity in the US between Jan-
uary 2018 and June 2020. The authors received
permission to access and use the data from
HealthVerity. The datasets contained informa-
tion from over 115 million patients. The data
were used in accordance with the Helsinki
Declaration as revised in 2013 and de-identified
in accordance with the Health Insurance
Portability and Affordability Act of 1996. As this
study utilized only de-identified data, no insti-
tutional review board waiver of informed con-
sent approval or exemption was required, as per
article 45 §CFR 164.514I.
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Study Design and Sample Selection

OPTIMIZE I (Adoption of sodium zirconium
cyclosilicate to utilize RAASi) was a retrospec-
tive, observational, noncomparative, and
descriptive cohort study of adult patients with
HK taking a RAASi who initiated SZC in an
outpatient setting. The index date was the date
of outpatient SZC therapy initiation, where the
index RAASi was the RAASi being prescribed on
the index date. The baseline period was the
6-month period prior to the index date. The
follow-up period included the time post-index
date until RAASi discontinuation, end of con-
tinuous enrollment, end of data availability, or
death, whichever occurred first. All patients had
at least 90 days of continuous pharmacy
enrollment after the index date. Only patients
who received at least one dose of SZC were
included. However, there were no requirements
regarding SZC use after the index dose; thus,
patients who discontinued SZC were also
included.

The study population included patients
treated with SZC in the outpatient setting while
on baseline RAASi treatment with at least 7 days
of supply of overlap between SZC days’ supply
and RAASi days’ supply. All patients were dis-
pensed RAASi treatment during the baseline
period. Eligible patients were aged 18 years or
older on index with continuous pharmacy and
medical enrollment during the 6 months prior
to index date as well as continuous pharmacy
enrollment at least 90 days after index RAASi
days of supply. In this study, it was assumed
that patients would only be taking SZC to treat
hyperkalemia as this is the only indication in
the label. Therefore, neither a diagnosis of HK
nor a cut-off for serum potassium levels was
required to determine patient eligibility. Anal-
yses were conducted among all patients and in
the following subgroups: patients without
ESKD, patients with CKD, and patients with
CKD ? diabetes (either type I or type II dia-
betes). Furthermore, RAASi modifications were
also examined among patients with HF, with
hypertension, and by CKD stage.

Study Measurements and Outcomes

Patient demographics, clinical characteristics,
treatment history, and healthcare resource uti-
lization (HRU) were assessed during the baseline
period. RAASi modifications and persistence
were assessed during the follow-up period.
Modifications in the dosing of RAASi included
optimization and non-optimization. RAASi
optimization was defined as maintenance of the
same dose of RAASi or an up-titration of the
RAASi dosage. Same dose of RAASi was the same
average daily dose of the new prescription fill
immediately post-index. Up-titration was
defined as any increase in the average daily dose
of the new prescription fill immediately post-
index compared to the index RAASi or any new
RAASi prescription (e.g., change in specific
RAASi prescribed). Non-optimized RAASi was
defined as down-titration of the RAASi dosage
or discontinuation. Down-titration was defined
as any decrease in the average daily dose of the
new prescription fill immediately post-index
compared to the index RAASi. Discontinuation
was defined as no new RAASi prescription fill
within 90 days of the end of days’ supply for the
index RAASi. To avoid double counting of
patients across different categories of RAASi
modifications, patients were only classified to
one category of RAASi modification following
the hierarchy (highest to lowest order): (1)
increased dose, (2) maintained same dose with
no increased dose, (3) decreased dose with no
increased/maintained dose, and (4) discontin-
ued RAASi.

As an additional analysis, modifications in
RAASi use were also dichotomized into kept
RAASi vs. discontinued RAASi. Kept RAASi was
defined as a new or refilled RAASi prescription
fill, while discontinued RAASi was defined as no
new or refilled RAASi prescription fill.

Statistical Analyses

Patient baseline characteristics were summa-
rized descriptively using means and standard
deviations (SDs) for continuous variables and
counts and percentages for categorical variables.
Characteristics were compared between patients
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who optimized RAASi and patients who did not
optimize RAASi using Wilcoxon rank-sum tests
for continuous variables and chi-square tests for
categorical variables. Predictors of RAASi opti-
mization were assessed using a multivariable
logistic regression model and were reported as
odds ratios (ORs) and 95% confidence intervals
(CIs). Kaplan-Meier analyses were used to assess
RAASi persistence, namely the median time
from the index date to RAASi discontinuation.
For all analyses, p value\0.05 was considered
statistically significant. All analyses were con-
ducted using R 3.6.3.

RESULTS

Overall, 589 patients treated with SZC met the
study eligibility criteria (Fig. 1). Among this
study population, 472 patients did not have
ESKD, 398 had CKD, and 311 had CKD ? dia-
betes. The mean duration of follow-up time in
the full sample was 244.5 days (SD: 98.9 days,
median: 229.0 days). The mean post-index
duration of RAASi therapy was 210.4 days (SD:
126.5 days, median: 208.0 days), and the mean
post-index duration of SZC therapy was
88.1 days (SD: 80.8 days, median: 58.0 days).

RAASi Optimization

Among the overall sample, most patients (456/
589 [77.4%]) optimized RAASi therapy after
initiating SZC (Fig. 2). In particular, most
patients (69.6%; 410/589) maintained the same
dosage and 7.8% (46/589) had up-titrations.
Fewer than a quarter of patients did not opti-
mize RAASi therapy after initiating SZC (22.6%).
Specifically, some patients (17.3%) discontin-
ued RAASi (102/589) while fewer (5.3%) had
down-titrations (31/589).

The subgroup analysis of RAASi optimization
yielded similar results for patients without
ESKD, with CKD, and with CKD ? diabetes.
Specifically, the proportion of patients that
optimized RAASi after initiating SZC was 78.4%
in the subgroup without ESKD, 78.9% in the
subgroup with CKD, and 78.1% in the subgroup
with CKD ? diabetes. RAASi modifications after
SZC initiation among additional subgroups of
individual stages of CKD, including patients
with HF and hypertension, are presented in
Supplementary Materials Table 1.

In the sensitivity analysis dichotomizing
modifications in RAASi use (i.e., kept vs. dis-
continued), 82.7% kept RAASi therapy and
17.3% discontinued RAASi therapy after index.
Among the patients that kept RAASi therapy,
the mean post-index RAASi duration was
246.2 days (8.1 months, median 233.0 days).

Fig. 1 Selection of patients initiating SZC while taking a
RAASi therapy. CKD chronic kidney disease; ESKD end-
stage kidney disease; RAASi renin-angiotensin-aldosterone
system inhibitor; SZC sodium zirconium cyclosilicate
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Baseline Characteristics

Demographics, clinical characteristics, treat-
ment history, and HRU at baseline are presented
in Table 1. Demographics were similar between
patients who optimized and did not optimize
RAASi. In particular, the mean age was
61.0 years old, and most were male (65.2%).
There was a mix of insurance types with
patients who optimized RAASi vs. patients who
did not optimize RAASi having a numerically
higher proportion of patients with commercial
insurance (48.0% vs. 41.4%) and lower propor-
tion of patients with Medicare Advantage
(27.6% vs. 38.3%, p = 0.06). Most patients on
SZC had a HK diagnosis code during baseline
(61.0%), with a numerically higher proportion
of patients not optimizing RAASi having a
diagnosis during baseline than patients who
optimized RAASi (68.4% vs. 58.8%, p = 0.06).

The most common comorbidities were hyper-
tension (91.3%), diabetes (70.1%), and stage 3–5
CKD (67.6%). Additionally, 19.9% of patients
had ESKD at baseline.

During the baseline period prior to SZC ini-
tiation, the most common HK treatments were
loop diuretics (42.4%), patiromer (18.0%), and
thiazide and thiazide-like diuretics (16.3%).
Many patients were also taking beta blockers
(62.3%) during the baseline period. While out-
patient visits were common among the overall
population at baseline (92.5% of patients had at
least one), they were more frequent among
patients who did not optimize RAASi compared
to those who did optimize RAASi (mean of 17.4
vs. 13.9 outpatient visits, respectively; p\0.05).
Patients who did not optimize RAASi were more
likely to have an emergency department (ED)
visit (42.1% vs. 26.8%, p\ 0.01) or inpatient
hospital stay (35.3% vs. 23.2%, p\0.01) than

Fig. 2 RAASi modifications after SZC initiation. Note:
For the ZS-005 trial, patients were counted more than
once if they required more than one RAASi adjustment so
the total may exceed 100%. Rounding may cause

differences of 1% or less among OPTIMIZE patient
percentages. CKD chronic kidney disease; ESKD end-stage
kidney disease; RAASi renin-angiotensin-aldosterone sys-
tem inhibitors; SZC sodium zirconium cyclosilicate
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Table 1 Baseline characteristics of patients initiating SZC

All patients
(N = 589)

Optimized RAASia

(N = 456)
Did not optimize RAASib

(N = 133)
p value

Demographics

Age on index date (years),

mean ± SD

61.02 ± 12.97 60.82 ± 12.81 61.70 ± 13.53 0.45

Female gender, n (%) 205 (34.8%) 165 (36.2%) 40 (30.1%) 0.23

Claims payer, n (%) 0.06

Commercial or unknown 274 (46.5%) 219 (48.0%) 55 (41.4%)

Medicaid 138 (23.4%) 111 (24.3%) 27 (20.3%)

Medicare advantage 177 (30.1%) 126 (27.6%) 51 (38.3%)

Region, n (%) 0.71

Midwest 81 (13.8%) 63 (13.8%) 18 (13.5%)

Northeast 133 (22.6%) 101 (22.1%) 32 (24.1%)

South 214 (36.3%) 170 (37.3%) 44 (33.1%)

West 156 (26.5%) 117 (25.7%) 39 (29.3%)

Other 5 (0.8%) 5 (1.1%) 0 (0.0%)

HK

HK diagnosis during baseline,

n (%)

359 (61.0%) 268 (58.8%) 91 (68.4%) 0.06

Comorbidities, n (%)

CKD stages 3–5 398 (67.6%) 314 (68.9%) 84 (63.2%) 0.26

ESKDc 117 (19.9%) 86 (18.9%) 31 (23.3%) 0.31

Congestive heart failure 149 (25.3%) 114 (25.0%) 35 (26.3%) 0.85

Coronary artery disease 154 (26.1%) 112 (24.6%) 42 (31.6%) 0.13

Diabetes 413 (70.1%) 316 (69.3%) 97 (72.9%) 0.49

Hypertension 538 (91.3%) 416 (91.2%) 122 (91.7%) 1.00

Prior treatment, n (%)

HK treatments

Patiromer 106 (18.0%) 85 (18.6%) 21 (15.8%) 0.53

Sodium polystyrene sulfonate 92 (15.6%) 66 (14.5%) 26 (19.5%) 0.20

Loop diuretics 250 (42.4%) 185 (40.6%) 65 (48.9%) 0.11

Thiazides and thiazide-like

diuretics

96 (16.3%) 75 (16.4%) 21 (15.8%) 0.96

Other treatments

Beta blockers 367 (62.3%) 284 (62.3%) 83 (62.4%) 1.00
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Table 1 continued

All patients
(N = 589)

Optimized RAASia

(N = 456)
Did not optimize RAASib

(N = 133)
p value

NSAIDs 51 (8.7%) 40 (8.8%) 11 (8.3%) 1.00

All-cause HRU

Any inpatient stays, n (%) 153 (26.0%) 106 (23.2%) 47 (35.3%) \ 0.01

Number of inpatient stays,

mean ± SD

0.44 ± 0.93 0.38 ± 0.83 0.65 ± 1.19 \ 0.01

Any ED visits, n (%) 178 (30.2%) 122 (26.8%) 56 (42.1%) \ 0.01

Number of ED visits,

mean ± SD

0.49 ± 1.00 0.41 ± 0.95 0.74 ± 1.13 \ 0.001

Any outpatient visits, n (%) 545 (92.5%) 425 (93.2%) 120 (90.2%) 0.34

Number of outpatient visits,

mean ± SD

14.66 ± 16.68 13.86 ± 15.15 17.41 ± 20.94 \ 0.05

Baseline was the 6-month period prior to the initiation of SZC
CKD chronic kidney disease; ED emergency department; ESKD end-stage kidney disease; HK hyperkalemia; HRU
healthcare resource utilization; NSAID non-steroidal anti-inflammatory drug; SD standard deviation; SZC sodium zirco-
nium cyclosilicate
aOptimized RAASi included patients with the same dose or with an up-titration
bNon-optimized RAASi included patients who discontinued or with a down-titration
cESKD was identified using ICD-10 diagnosis codes for ESKD or an ICD-10 diagnosis code for CKD stage 5 ? a
procedure code for dialysis

Table 2 RAASi therapy at initiation of SZC

All patients (N = 589) Optimized RAASia (N = 456) Did not optimize RAASib (N = 133) p value

RASi 556 (94.4%) 430 (94.3%) 126 (94.7%) 1.00

ACEi 301 (51.1%) 232 (50.9%) 69 (51.9%) 0.92

ARB 249 (42.3%) 195 (42.8%) 54 (40.6%) 0.73

ARNI 19 (3.2%) 15 (3.3%) 4 (3.0%) 1.00

DRI 1 (0.2%) 1 (0.2%) 0 (0.0%) 1.00

MRA 70 (11.9%) 56 (12.3%) 14 (10.5%) 0.69

Patients could be taking monotherapy or combination therapy so the percentages may not add to 100%
ACEi angiotensin-converting enzyme inhibitors; ARB angiotensin receptor blocker; ARNI angiotensin receptor neprilysin
inhibitor; DRI direct renin inhibitor; MRA mineralocorticoid receptor antagonist, RAASi renin-angiotensin-aldosterone
system inhibitor; RASi renin-angiotensin system inhibitor
aOptimized RAASi included patients with the same dose or with an up-titration
bNon-optimized RAASi included patients who discontinued or with a down-titration
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patients who optimized RAASi. Compared to
patients who optimized RAASi, patients who
did not optimize RAASi had a higher mean
number of ED visits (0.74 vs. 0.41, p\ 0.001)
and inpatient stays (0.65 vs. 0.38, p\ 0.01)
during baseline. HK-related HRU was also com-
mon, with almost half of patients having an
HK-related outpatient visit during baseline
(48.6%). Patients who did not optimize RAASi
were more likely than patients who optimized
RAASi to have an HK-related ED visit (12.0% vs.
6.4%, p\ 0.05) or inpatient stay (24.1% vs.
11.6%, p\0.001) at baseline. Baseline charac-
teristics for the subgroups were similar to those
of the overall group (Supplementary Materials
Tables 2–4).

Overview of RAASi at Index and RAASi
Persistence

The most common RAASi agents used at index
were similar between patients who optimized
and did not optimize RAASi, with the most
common being ACEi (optimized RAASi: 50.9%,
non-optimized RAASi: 51.9%) and ARBs (42.8%,
40.6%; Table 2). Most patients were using
monotherapy (91.7%). During follow-up, the
median time to discontinuation was not
reached for the overall sample, with 61.1% of
patients still on a RAASi at 1 year (Fig. 3). In the
sample that optimized RAASi, 73.9% were still
on a RAASi at 1 year (median time to discon-
tinuation: NR [not reached]). In the sample that

Fig. 3 Median time from SZC initiation to RAASi
discontinuation1. CI confidence interval; RAASi renin-
angiotensin-aldosterone system inhibitor; SZC sodium
zirconium cyclosilicate. 1Discontinuation was defined as
the first gap[ 90 days between the end of one record and

the beginning of the next. 2Optimized RAASi included
patients with the same dose or with an up-titration. 3Non-
optimized RAASi included patients who discontinued or
with a down-titration
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did not optimize RAASi, only 17.9% of patients
were still on a RAASi at 1 year (median time to
discontinuation: 46.0 days). The RAASi used at
initiation of SZC among patients without ESKD,
with CKD, and with CKD ? diabetes are pre-
sented in Supplementary Materials Table 5.

Multivariable Model

Predictors of successful optimization of RAASi
therapy included fewer prior hospitalizations
(OR = 0.79, 95% CI [0.63–1.00]; p\ 0.05) and
fewer prior ED visits (0.78 [0.63–0.96]; p\ 0.05;
Fig. 4). Similar findings were noted for the

sensitivity definition, as predictors of having
kept RAASi prescription fill included fewer prior
hospitalizations (OR = 0.77, 95% CI
[0.60–0.98]; p\ 0.05) and fewer prior ED visits
(0.78 [0.63–0.97]; p\ 0.05). Among patients
without ESKD, predictors of successful opti-
mization of RAASi therapy included fewer prior
ED visits (OR = 0.75, 95% CI: [0.57–0.97],
p\0.05) and female sex (0.48 [0.28–0.81],
p\0.01). Among patients with CKD, the only
predictor of successful optimization of RAASi
therapy was female sex (0.36 [0.19–0.65],
p\0.001).

Fig. 4 Predictors of RAASi optimization1 after initiation
of SZC among A all patients, B patients without ESKD,
and C patients with CKD2,3. A Forest plot of odds ratios
for optimizing RAASi therapy among all OPTIMIZE
patients (n = 589). B Forest plot of odds ratios for
optimizing RAASi therapy among OPTIMIZE patients
without ESKD (n = 472). C Forest plot of odds ratios for
optimizing RAASi therapy among OPTIMIZE patients
with any CKD (n = 398). CI confidence interval; CKD
chronic kidney disease; ED emergency department; ESKD
end-stage kidney disease; HF heart failure; HTN

hypertension; IP inpatient; OP outpatient; OR odds ratio;
RAASi renin-angiotensin-aldosterone system inhibitor;
SZC sodium zirconium cyclosilicate. 1Optimized RAASi
included patients with the same dose or with an up-
titration. Non-optimized RAASi included patients who
discontinued or with a down-titration. 2Significant ORs
are shown in bold. 3The above models’ dependent variable
is RAASi optimization (levels: ‘‘RAASi optimized’’ and
‘‘RAASi not optimized’’), and the reference level is ‘‘RAASi
not optimized’’
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Fig. 4 continued
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DISCUSSION

The clinical burden associated with non-opti-
mal use of RAASi among patients with HK is
known to be substantial [13]. While RAASi are
important in the treatment of many conditions,
including CKD and HF, fears of HK and other
cardiovascular effects often lead to the
underutilization of RAASi (discontinuation,
dose down-titration, and treatment interrup-
tion). Indeed, HK has been shown to be one of
the main reasons for RAASi discontinuation and
RAASi underutilization [18, 19]. The underuti-
lization of RAASi is in turn associated with
worsened cardiovascular and renal disease bur-
den and death among patients with CKD
[13, 14]. Thus, it is important to consider ther-
apeutic approaches that would enable patients
with HK to optimize their RAASi use. This ret-
rospective, observational, cohort study exam-
ined the impact of SZC initiation on RAASi
modification among a large sample of real-
world patients. Results indicate that most
patients kept their RAASi therapy (83%) and
were able to optimize their RAASi use (77%).
Nearly three quarters of patients who optimized
therapy were still on RAASi at 1-year follow-up
(median time to discontinuation: NR), whereas
less than a quarter of those who did not opti-
mize were still on RAASi (median time to dis-
continuation: 46.0 days). Even among patients
at increased risk of recurrent HK (e.g., those
with CKD ? diabetes), consistent levels of
keeping and optimizing RAASi were observed.
Moreover, with respect to keeping and opti-
mizing of RAASi, a consistent pattern of results
was also observed in subgroups of patients
without ESKD with all stages of CKD and for
each stage of CKD. Factors predictive of RAASi
optimization among the overall population
included fewer prior ED visits and fewer prior
inpatient hospitalizations, while female sex was
a significant predictor among patients without
ESKD and patients with CKD. Based on the
results of the present study, treatment with SZC
may be an effective strategy for optimizing the
use of RAASi among patients in routine clinical
practice, which is critical to ensuring that

patients receive the documented cardiorenal
benefits of maintained therapy.

The present real-world findings corroborate
those of clinical trials, which show a benefit of
novel anti-hyperkalemia therapies on RAASi
persistence and optimization. In a two-part,
open label, Phase III trial (ZS-005) of patients
treated with SZC for HK, 89% continued RAASi
use and only 11% discontinued RAASi use while
taking SZC [17]. Moreover, the ZS-005 found
that among patients on RAASi at study baseline,
87% of patients initiating SZC therapy for HK
management maintained or increased their
RAASi dose, while 74% continued their RAASi
and 13% increased their dose [17]. To date, one
retrospective observational cohort study of US
veterans with HK found that those who received
continuous treatment with the potassium bin-
der, patiromer, over 6 months had high rates
(* 80%) of RAASi therapy continuation [20],
which aligns with the beneficial impact of novel
potassium binder treatment on RAASi use in the
present study.

Previously, other real-world studies have
examined how HK events and the severity of HK
might impact RAASi use. In a large, electronic
health records study by Epstein et al. [21], RAASi
modifications were measured following HK
events that were classified as mild or moderate-
severe. After a mild HK event, about half of
patients kept RAASi, while 16% down-titrated
and 22% discontinued treatment. After a mod-
erate-severe HK event, only 41% of patients
kept RAASi, while 21% down-titrated and 26%
discontinued treatment. Furthermore, patients
who down-titrated or discontinued RAASi had
worse clinical outcomes than patients on max-
imum doses [21]. A recent cohort study of
patients treated with RAASi by Johnson et al.
[14] found that patients with HK had a higher
risk of a composite endpoint of cardiovascular
events, renal dysfunction, and all-cause mor-
tality than patients without HK (63.9% vs.
37.2%, respectively). Patients with HK were also
more likely to deintensify RAASi therapy than
patients without HK (34.4% vs. 29.2%), which
may have contributed to their higher incidence
of multiple adverse outcomes. Consistent with
this, the risk of the composite outcome was
higher among patients who lowered or stopped
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their RAASi therapy than those who continued
RAASi therapy. In another study by Jun et al.
[22], 47% of patients taking a RAASi who had a
HK event changed their RAASi treatment (dis-
continuation: 37% and dose reduction: 10%).
These studies by Epstein et al. [21] and Jun et al.
[22] underscore an unmet need for strategies to
help facilitate RAASi use following HK. How-
ever, neither study assessed the impact of
treatment with oral anti-HK therapy (e.g.,
patiromer, SZC) on RAASi persistence and opti-
mization. By assessing the impact of SZC, our
study provides supportive evidence of anti-HK
therapy as a facilitator of RAASi use following
an HK event. Further research is needed to
confirm this, given that the present study did
not include a comparison to a control group of
patients without potassium binder therapy after
experiencing hyperkalemia.

Based on our multivariable analysis, patients
with more frequent all-cause hospitalizations or
ED visits are less likely to optimize RAASi.
Findings of the present study suggest that
patients with more all-cause hospitalizations
and ED visits were less likely to optimize RAASi
therapy after a HK event. This indicates that all-
cause hospitalizations and ED visits after a HK
event may lead clinicians to interrupt RAASi
treatment and additional follow-up care may be
required to improve RAASi optimization and
encourage ongoing RAASi therapy. In addition
to all-cause hospitalizations or ED visits, our
subgroup analysis found that female sex was a
significant predictor of RAASi optimization
among patients with CKD and without ESKD.
However, further studies may be needed to
confirm this association and determine whether
it reflects a biological sex difference or a gender
difference in healthcare-seeking behavior.
Additionally, further studies are needed to help
clarify and better inform the approach of clini-
cians to long-term SZC therapy among patients
taking a RAASi.

The present study had notable strengths.
First, this is one of the first real-world studies to
examine the impact of SZC initiation on RAASi
modifications, including optimization and non-
optimization, among a broader group of
patients beyond the clinical trial setting. Previ-
ously, most clinical trial data of SZC had

included self-selected patients who chose to
participate in relatively small studies. In con-
trast, the present study made use of a large,
closed claims database, which provided a rich
set of data on a large number of eligible
patients. As a result, our study sample was rep-
resentative of patients with HK initiating SZC in
the outpatient setting in the US and covered
multiple payer types including those with
Medicaid coverage. Moreover, the use of a
closed database allowed all encounters covered
by the insurance provider to be seen in the
database.

The results of our study should also be
viewed in the context of certain limitations.
First, visibility into RAASi persistence and dos-
ing is limited in insurance claims data by pre-
scription fills and no visibility into the actual
amount of medication taken. In this study, a
new prescription fill record was required to
classify patients as optimizing or not optimizing
RAASi. However, there may have been changes
in dosing or discontinuation not visible in the
claims data. Thus, further research with detailed
records of dosing and discontinuation would be
beneficial to validate the findings of this study.
Although we did not examine the dosing of
SZC, we would expect it to be similar to the
dosing observed in the RECOGNIZE I study,
which used the same dataset and a similar
patient population [23]. Second, since the study
population is required to have continuous
enrollment in a healthcare plan, patients who
were enrolled for less than required (e.g., due to
a change in employment status) were not
included. If those patients differ from the
overall population of patients initiating SZC,
the results may not be generalizable. However,
given the relatively short continuous enroll-
ment requirement in the present study, we do
not expect that this affected the generalizability
of our findings significantly. Third, not all
variables of interest are included in the claims
data or may not be well recorded in claims data.
For example, reasons for changes in RAASi
dosing or treatment are not included and hence
not analyzed. Additionally, data collected dur-
ing the baseline period did not include the day
of SZC initiation, during which a HK diagnosis
might have been recorded. Indeed,
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hyperkalemia is often underdiagnosed in
insurance claim datasets; therefore, the
requirement of hyperkalemia diagnosis in
addition to SZC treatment may have been
unnecessarily narrow for our study population.
Since the insurance claims data we used had
very limited availability of laboratory data, we
also could not characterize serum potassium
levels at baseline. Nonetheless, even in the
absence of HK diagnosis codes and serum
potassium levels, we assumed HK was present
among patients receiving SZC, as there are no
other known indications for this treatment.
Furthermore, the absence of laboratory potas-
sium values in claims data limited our ability to
assess the impact of HK severity and recurrence
of HK on RAASi modifications. In future studies,
a data source rich in laboratory values would be
required to characterize potassium levels before
RAASi modification and examine the impact of
potassium levels on RAASi modification
thereafter.

CONCLUSION

In a pattern consistent with clinical trial results,
this real-world, administrative claims-based
study found that the majority of patients were
able to maintain and even optimize RAASi
therapy after SZC initiation. These benefits of
SZC treatment were observed overall and across
subgroups of patients without ESKD and with
CKD. Even among patients at increased risk of
recurrent HK (e.g., those with CKD ? diabetes),
high levels of keeping and optimizing RAASi
were observed. Patients may require long-term
SZC therapy to encourage the use of ongoing
RAASi therapy, especially after hospitalization
or ED visits.
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