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ABSTRACT

Introduction: Patients receiving cardiorenal-
protective renin–angiotensin–aldosterone sys-
tem inhibitors (RAASis) are at increased risk of
developing hyperkalemia, which is associated
with increased medical costs. The aim of this
study was to evaluate the impact of adding
sodium zirconium cyclosilicate (SZC) therapy
on 3-month medical costs in patients who

experienced hyperkalemia while receiving
RAASi therapy.
Methods: The retrospective OPTIMIZE II study
used medical and pharmacy claims data from
IQVIA PharMetrics� Plus. Patients
aged C 18 years who received SZC (C 60 day
supply over 3 months’ follow-up) and contin-
ued RAASi between July 2019 and December
2021 (Continue RAASi ? SZC cohort) were 1:1
exact and propensity score matched with
patients who discontinued RAASi after hyper-
kalemia diagnosis and did not receive SZC
(Discontinue RAASi ? no SZC cohort). The pri-
mary outcome was hyperkalemia-related medi-
cal costs to payers over 3 months; all-cause
medical and pharmacy costs were also analyzed.
Results: In the Continue RAASi ? SZC
(n = 467) versus Discontinue RAASi ? no SZC
(n = 467) cohort, there were significant reduc-
tions in mean per-patient hyperkalemia-related
medical costs (reduction of $2216.07; p = 0.01)
and all-cause medical costs (reduction of
$6102.43; p\ 0.001); mean hyperkalemia-re-
lated inpatient medical costs and all-cause
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inpatient and emergency department medical
costs were significantly reduced. The reduction
in all-cause medical cost in the Continue
RAASi ? SZC cohort offset an increase in the
mean per-patient all-cause pharmacy cost (in-
crease of $3117.71; p\ 0.001).
Conclusion: RAASi therapy has well-established
cardiorenal benefits. In OPTIMIZE II, manage-
ment of RAASi-induced hyperkalemia with SZC
was associated with lower hyperkalemia-related
and all-cause medical costs than RAASi discon-
tinuation without SZC, demonstrating medical
cost savings with maintaining RAASi therapy
with SZC.

Keywords: Cost; Healthcare resource
utilization; Hyperkalemia; Potassium;
Renin–angiotensin–aldosterone inhibitor;
Sodium zirconium cyclosilicate

PLAIN LANGUAGE SUMMARY

Renin–angiotensin–aldosterone system inhibi-
tors (RAASis) are a standard drug therapy for
high blood pressure, heart failure, or chronic
kidney disease to reduce the risk of kidney dis-
ease progression, death, and cardiovascular
events including stroke, heart attack, and hos-
pitalization for heart failure. However, RAASis
can cause abnormal increases in blood potas-

sium (hyperkalemia), which can be life-threat-
ening. RAASi discontinuation is often used to
resolve hyperkalemia. In contrast, treatment
with sodium zirconium cyclosilicate (SZC) to
reduce potassium levels can allow patients with
hyperkalemia to continue taking RAASis. We
studied the effect of adding SZC on medical
costs paid by health insurance for patients who
experienced hyperkalemia while taking RAASis.
We used insurance claims data to compare
medical costs (costs for inpatient, emergency
department, and outpatient visits) over a
3-month period for 467 patients continuing
RAASis and adding SZC with those for a
matching group of 467 patients who discon-
tinued RAASis and did not take SZC after a
hyperkalemia diagnosis. Average medical costs
per patient were lower for the Continue RAASi
? SZC group versus the Discontinue RAASi ? no
SZC group, with reductions of $2216.07 for
hyperkalemia-related medical costs and
$6102.43 for all-cause medical costs. Although
the average all-cause pharmacy cost per patient
was higher for the Continue RAASi ? SZC
group, the increase of $3117.71 was less than
the reduction in average all-cause medical cost.
Our study shows that for patients who develop
hyperkalemia while taking RAASis, continuing
RAASis and adding SZC can lower medical costs
versus discontinuing RAASis and not adding
SZC.
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Key Summary Points

Why carry out this study?

Renin–angiotensin–aldosterone system
inhibitor (RAASi) discontinuation is often
used to resolve hyperkalemia, although
previous studies have shown that
treatment with an oral potassium binder
such as sodium zirconium cyclosilicate
(SZC) allows most patients who
experience hyperkalemia while on RAASi
therapy to continue RAASi treatment.

Although it is well established that
hyperkalemia is associated with increased
healthcare resource utilization and costs,
there are limited data on the impact of
newer potassium binders such as SZC on
medical costs in patients who develop
hyperkalemia during RAASi treatment.

What did the study ask?

The aim of this real-world study was to
evaluate medical costs to payers over
3 months’ follow-up in commercially
insured patients in the USA who
developed hyperkalemia while on RAASi
therapy; the authors used medical and
pharmacy claims data to compare costs for
matching cohorts of patients who
continued RAASis and added SZC and
patients who discontinued RAASis and did
not add SZC after hyperkalemia diagnosis.

What was learned from the study?

Continued RAASi therapy and treatment
with SZC was associated with significant
reductions in mean per-patient
hyperkalemia-related and all-cause
medical costs (costs for inpatient,
emergency department, and outpatient
visits) compared with discontinued RAASi
therapy and no SZC; although mean per-
patient all-cause pharmacy costs were
higher for patients who continued RAASi
with SZC, this was offset by the reduction
in all-cause medical costs.

The results of this study demonstrate that,
in patients with RAASi-induced
hyperkalemia, adding SZC and continuing
RAASi treatment instead of discontinuing
RAASi therapy can lead to medical cost
savings in real-world clinical practice.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.23799072.

INTRODUCTION

Renin–angiotensin–aldosterone system inhibi-
tors (RAASis) are a class of disease-modifying
drugs that slow kidney disease progression and
have also been shown to reduce the risk of
death in patients with chronic kidney disease
(CKD), heart failure (HF) with reduced ejection
fraction, and diabetic kidney disease [1–7].
However, due to their mechanism of action,
RAASis are known to be associated with hyper-
kalemia [8, 9], defined as serum potassium levels
of 5.1 mmol/L or more [8, 10]. In addition,
patients with CKD and/or HF have an increased
risk of hyperkalemia compared with the general
population regardless of RAASi use [11–13].
Hyperkalemia is potentially life-threatening
[14] and is associated with a significant eco-
nomic and healthcare burden [15–21].

Strategies for the management of hyper-
kalemia include dietary modifications to reduce
potassium intake as well as treatment with
diuretics, sodium bicarbonate, and potassium
binders (also known as gastrointestinal cation
exchangers) [16, 22]. Previously, reduction of
the RAASi dose or discontinuation of RAASi
therapy entirely was recommended for patients
who experience hyperkalemia while receiving
RAASi therapy [8, 22]. This management strat-
egy poses a therapeutic dilemma because dis-
continuation of RAASi therapy can lead to
worse cardiovascular and kidney outcomes and
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increased risk of hospitalization and mortality
[8]. Therefore, updated Kidney Disease Improv-
ing Global Outcomes and American Heart
Association/American College of Cardiology/
Heart Failure Society of America guidelines rec-
ommend RAASi dose reduction or discontinua-
tion as a last resort, only if hyperkalemia
remains uncontrolled despite interventions
[6, 7].

Newer treatment options for patients who
develop hyperkalemia while receiving RAASi
therapy include sodium zirconium cyclosilicate
(SZC) and patiromer. In clinical trials, these
therapies have been shown to effectively treat
hyperkalemia and up to 89% of patients
remained on RAASi therapy [6, 7, 23, 24]. In
addition, real-world evidence also showed that
about 83% of patients with hyperkalemia trea-
ted with SZC maintained RAASi therapy [25].
However, although there is clear evidence that
hyperkalemia is associated with increased
healthcare resource utilization [15–18, 20],
there are limited data on whether these newer
potassium binders may reduce medical costs in
patients who develop hyperkalemia while
receiving RAASi therapy. To address this, the
current real-world study aimed to describe the
impact of adding the newer potassium binder,
SZC, on 3-month medical costs in patients who
experienced hyperkalemia while receiving
RAASi therapy.

METHODS

Data Source

The source for all data used in this study was the
PharMetrics� Plus closed claims database,
which was accessed via the Instant Health Data
(IHD) platform (Panalgo, Boston, MA). This
database is representative of the commercially
insured US national population for patients
under 65 years of age.

Ethical Approval

This study used de-identified patient data in
compliance with the Health Insurance

Portability and Accountability Act (HIPAA) and
was therefore considered exempt from institu-
tional review board approval or requirement for
informed consent from individual patients, as
per article 45 §CFR 164.514(e). This study was
performed in accordance with the Declaration
of Helsinki of 1964 and its later amendments.

The authors received permission to access
and use medical and pharmacy claims data from
the PharMetrics Plus database under license
from IQVIA Inc. and as per signed agreement
between AstraZeneca and IQVIA Inc.

Study Design and Sample Selection

OPTIMIZE II (Real-World Cost Outcomes Fol-
lowing Adoption of Sodium Zirco-
nium Cyclosilicate to Utilize RAASi therapy)
was a noninterventional, retrospective,
propensity score matched, observational cohort
study.

Data from patients aged 18 years or older
who were receiving RAASi therapy, defined as
any angiotensin-converting enzyme inhibitor,
angiotensin receptor blocker, angiotensin
receptor neprilysin inhibitor, or mineralocorti-
coid receptor antagonist/aldosterone receptor
antagonist, at baseline before a diagnosis of
hyperkalemia were collected.

Patients were divided into two cohorts:
Continue RAASi ? SZC and Discontinue
RAASi ? no SZC. The Continue RAASi ? SZC
cohort consisted of patients on RAASi therapy
who were prescribed at least 60 days’ supply of
SZC following at least one diagnosis of hyper-
kalemia between July 2019 and December 2021
and had at least one prescription of RAASi
therapy filled during the 3-month follow-up
period. The Discontinue RAASi ? no SZC
cohort consisted of patients on RAASi therapy
who discontinued RAASi therapy and did not
fill an SZC prescription following at least one
diagnosis of hyperkalemia between July 2019
and December 2021; RAASi discontinuation was
determined by an absence of RAASi therapy
prescription fills during the 3-month follow-up
period.

All patients were required to have continu-
ous medical and pharmacy insurance coverage
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of at least 6 months before (baseline period) and
at least 3 months after (follow-up period) the
index date. The index date was defined as the
date of the first SZC prescription fill for the
Continue RAASi ? SZC cohort and as the date
of the first diagnosis of hyperkalemia during the
study period for the Discontinue RAASi ? no
SZC cohort. For patients with an index date in
July 2019, the lookback period for the baseline
period started from January 2019.

Study Measurements and Outcomes

The objectives of this analysis were to evaluate
the impact of SZC therapy on short-term (3-
month) hyperkalemia-related medical (non-
pharmacy) costs in the inpatient, emergency
department (ED), and outpatient settings, all-
cause medical (non-pharmacy) costs in these
practice settings, and all-cause outpatient
pharmacy costs in patients who developed
hyperkalemia while on RAASi therapy.

Patient demographics, characteristics, treat-
ments, and all-cause healthcare resource uti-
lization and costs were assessed during the
6-month baseline period. Persistence with SZC
and RAASi therapy was assessed in the Continue
RAASi ? SZC cohort during the 3-month fol-
low-up period. The use of other oral potassium
binder therapy (sodium polystyrene sulfonate
[SPS] or patiromer) during the follow-up period
was assessed in both cohorts. The primary out-
come was hyperkalemia-related medical costs to
payers over the 3-month follow-up period in
any treatment setting. Hyperkalemia-related
medical costs included: inpatient admission
with a diagnosis code for hyperkalemia in any
diagnosis position; ED visit with a diagnosis
code for hyperkalemia in any diagnosis posi-
tion; and outpatient visit with a diagnosis code
for hyperkalemia in any diagnosis position. The
secondary outcome was hyperkalemia-related
medical costs to payers over the 3-month fol-
low-up period in the individual settings (inpa-
tient, ED, or outpatient). All-cause medical costs
for all settings and for the individual settings
and all-cause outpatient pharmacy costs to
payers during 3 months’ follow-up were also
analyzed as exploratory outcomes. Medical cost

outcomes did not include pharmacy costs. ED
visits that resulted in inpatient admission were
counted as inpatient hospitalizations. Costs
were based on the amounts paid by the health
plan and were adjusted for inflation to 2021
constant United States dollars (USD). The costs
were final payment amounts that were fully
adjudicated by health plans. Health plan paid
amounts for pharmacy costs do not exclude
additional rebates and discounts provided to
health plans.

Statistical Analyses

On the basis of a recent study of the impact of
patiromer with continued RAASi therapy on
costs in patients with hyperkalemia, which
showed statistically significant reductions in all-
cause medical costs when assessed in 232 mat-
ched pairs [26], it was estimated that the same
number of patients would be required in this
analysis. An initial sample count from
PharMetrics Plus found that approximately
3394 patients had at least one outpatient fill of
SZC therapy.

To balance the Continue RAASi ? SZC and
Discontinue RAASi ? no SZC cohorts, exact and
propensity score matching were used to adjust
for differences in baseline variables (patient
demographics, comorbidities, medications, and
healthcare resource use) during the 6-month
baseline period (Supplementary Material
Table S1). Because health plan paid costs in real-
world settings are sensitive to outliers, patients
in the top 0.5% of medical costs were excluded
from all cohorts before matching.

Patients in the two cohorts were exact mat-
ched on highly relevant factors before the
propensity score matching procedure. The exact
matching characteristics were age less than
65 years, baseline CKD, baseline end-stage kid-
ney disease, baseline history of hyperkalemia,
and baseline all-cause inpatient admissions. To
preserve sample size and statistical power, the
exact matching was limited to these five binary
variables. A multivariable logistic regression
model was used to estimate a propensity score,
with 1:1 matching of cases and controls using a
0.02 caliper value without replacement. A
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standardized mean difference threshold value of
less than 0.2 was used to judge the adequacy of
the multivariable regression adjustment and
define the balance of covariates between mat-
ched cohorts.

Patient demographics, characteristics, treat-
ments, and costs were assessed using descriptive
statistics, with mean ± standard deviation (SD)
and median and interquartile range (IQR) used
for continuous variables and number and per-
centage of patients used for categorical vari-
ables. The differences in medical costs were
compared between the matched cohorts using
one-way analysis of variance tests for statistical
significance to generate p-values. Costs were
calculated and reported as mean (SD) cost per
patient over the 3-month follow-up period.

All statistical analyses were performed within
the IHD platform that is integrated with R,
version 3.2.1 (R Foundation for Statistical
Computing, Vienna, Austria). An analytic
dataset was not downloaded from the IHD
platform.

RESULTS

There were 406,765 patients with a diagnosis of
hyperkalemia and 4615 who filled an SZC
therapy prescription between July 1, 2019 and
December 31, 2021 (Supplementary Material
Table S2). Of the total patients with hyper-
kalemia, 19,888 patients met the inclusion cri-
teria: 486 and 19,402 in the Continue
RAASi ? SZC and Discontinue RAASi ? No SZC
cohorts, respectively. After exact and propensity
score matching, each cohort included 467
patients.

There were no significant differences
between the two matched cohorts with regard
to baseline demographics, clinical characteris-
tics, treatments, or healthcare resource utiliza-
tion, with all standardized mean differences
between groups less than 0.2 (Table 1). In the
Continue RAASi ? SZC cohort, the mean ± SD
age was 60.5 ± 13.8 years, 67.9% of patients
were male, and 75.2% had CKD. In the Dis-
continue RAASi ? No SZC cohort, the mean ±

SD age was 61.3 ± 13.3 years, 69.0% of patients
were male, and 75.2% had CKD. The most

common hyperkalemia-related comorbidities in
both patient cohorts were hypertension (91.0%
of Continue RAASi ? SZC cohort; 93.8% of
Discontinue RAASi ? No SZC cohort) and
type 2 diabetes (63.4% of Continue RAASi ?
SZC cohort; 69.6% of Discontinue RAASi ? No
SZC cohort).

Prescribed Medications

In the Continue RAASi ? SZC cohort, more
than half of the patients were prescribed a
90-day supply of SZC, with a mean ± SD total
supply of 99 ± 34.9 days. In this cohort,
patients had a high persistence with both SZC
and RAASi therapy, with mean ± SD proportion
of days covered of 0.84 ± 0.17 for SZC and
0.96 ± 0.12 for RAASi; median (IQR) for pro-
portion of days covered was 0.92 (0.66–0.97) for
SZC and 1.00 (1.00–1.00) for RAASi. Only 9
(1.9%) patients in the Continue RAASi ? SZC
cohort were prescribed another oral potassium
binder (SPS or patiromer) during the 3-month
follow-up period. To preserve the real-world
applicability of this study, these patients were
not excluded or censored from the analysis. Few
patients (n = 44; 9.4%) in the Discontinue
RAASi ? No SZC cohort started treatment with
a non-SZC oral potassium binder (SPS or patir-
omer) during the 3-month follow-up period.
Again, these patients were not excluded or
censored from the analysis to preserve the real-
world applicability of this study.

Costs

Over the 3-month follow-up period, mean
hyperkalemia-related medical (non-pharmacy)
costs were 49.5% lower per patient in the Con-
tinue RAASi ? SZC cohort
($2259.24 ± $13,739.50) compared with those
for the Discontinue RAASi ? No SZC cohort
($4475.31 ± $13,828.22), with a significant
difference in mean per-patient medical cost of
$2216.07 (p = 0.01) between cohorts (Fig. 1).
This significant difference in hyperkalemia-re-
lated medical costs was driven by a significant
reduction in mean hyperkalemia-related inpa-
tient medical costs in the Continue RAASi ?
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Table 1 Baseline demographics, clinical characteristics, treatments, and healthcare resource utilization

Discontinue RAASi 1 No SZC
cohort (n = 467)

Continue RAASi 1 SZC
cohort (n = 467)

Standardized mean
difference

Age, years

Mean ± SD 61.3 ± 13.3 60.5 ± 13.8 0.06

Median (IQR) 61 (54–70) 61 (52–70)

Sex, n (%)

Female 145 (31.1) 150 (32.1) 0.02

Male 322 (69.0) 317 (67.9)

Payer, n (%)

Commercial 319 (68.3) 350 (74.9) 0.15

Medicare advantage 148 (31.7) 117 (25.1)

US census region, n (%)

Midwest 140 (30.0) 131 (28.1) 0.03

Northeast 48 (10.3) 60 (12.8)

South 204 (43.7) 210 (45.0)

West 75 (16.1) 66 (14.1)

Charlson comorbidity index score

Mean ± SD 2.65 ± 1.98 2.47 ± 1.69 0.10

Comorbidities during baseline, n (%)

CKD 351 (75.2) 351 (75.2) 0.00

ESKD 87 (18.6) 87 (18.6) 0.00

Heart failure 90 (19.3) 78 (16.7) 0.07

Type 2 diabetes 325 (69.6) 296 (63.4) 0.13

Hypertension 438 (93.8) 425 (91.0) 0.10

CAD 125 (26.8) 97 (20.8) 0.15

Dyslipidemia 307 (65.7) 304 (65.1) 0.01

Arrythmia 40 (8.6) 41 (8.8) 0.01

Prior hyperkalemia 265 (56.7) 265 (56.7) 0.00

COVID-19 13 (2.9) 14 (3.0) 0.01

Treatments during baseline, n (%)

Dialysis 59 (12.6) 58 (12.4) 0.01

Cardiovascular

medicationsa
453 (97.0) 445 (95.3) 0.08
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SZC cohort ($1697.12 ± $12,688.32) versus the
Discontinue RAASi ? No SZC cohort
($3861.10 ± $13,690.18) with a significant
reduction in mean per-patient medical cost of
56.1% ($2163.98; p = 0.02; Fig. 2a). There were
no significant differences between cohorts in
hyperkalemia-related ED and outpatient medi-
cal costs over the 3-month follow-up period.
Median (IQR) hyperkalemia-related medical
costs are presented in the Supplementary
Material (Table S3).

Mean all-cause medical (non-pharmacy)
costs were also significantly reduced over the
3-month follow-up period in the Continue

RAASi ? SZC cohort ($8051.08 ± $20,167.81)
versus the Discontinue RAASi ? No SZC cohort
($14,153.51 ± $29,826.25), by 43.1%
($6102.43; p\0.001) per patient (Fig. 1). This
significant difference in all-cause medical costs
was driven by the significant difference in mean
inpatient medical costs and mean ED medical
costs. The mean inpatient medical costs were
$2899.91 ± $15,860.29 for the Continue
RAASi ? SZC cohort and
$7822.22 ± $23,895.43 for the Discontinue
RAASi ? No SZC cohort, corresponding to a
between-cohort difference of $4922.31 (62.9%
reduction; p\ 0.001; Fig. 2b). Mean ED medical

Table 1 continued

Discontinue RAASi 1 No SZC
cohort (n = 467)

Continue RAASi 1 SZC
cohort (n = 467)

Standardized mean
difference

Glucose-lowering

medicationsb
255 (54.6) 252 (54.0) 0.01

Medications during baseline, n (%)

Potassium binders 85 (18.2) 88 (18.8) 0.02

RAASi therapyc 467 (100.0) 467 (100.0) 0.00

Healthcare resource utilization during baseline, n (%)

All-cause inpatient

hospitalizations

81 (17.3) 81 (17.3) 0.00

All-cause ED visits 126 (27.0) 100 (21.4) 0.14

All-cause medical costs during baseline, $US

Mean ± SD 13,027.42 ± 23,185.04 13,479.94 ± 25,896.46 0.02

Median (IQR) 3191.04 (896.49–13,764.48) 2220.27 (558.54–12,054.71)

Hyperkalemia-related medical costs during baseline, $US

Mean ± SD 3726.41 ± 12,776.29 2358.07 ± 8953.14 0.15

Median (IQR) 26.36 (0–486.80) 19.13 (0–363.46)

CAD coronary artery disease, CKD chronic kidney disease, ED emergency department, ESKD end-stage kidney disease, IQR
interquartile range, RAASi renin–angiotensin–aldosterone system inhibitor, SD standard deviation, SZC sodium zirconium
cyclosilicate, US United States
aCardiovascular medications: alpha blockers, beta blockers, calcium channel blockers, anticoagulants, antiplatelets, lipid-
lowering drugs, loop diuretics, and thiazide diuretics
bGlucose-lowering medications: metformin, sulfonylureas, dipeptidylpeptidase-4 inhibitors, glucagon-like peptide-1 receptor
agonists, sodium-glucose cotransporter-2 inhibitors, insulin, and thiazolidinediones
cRAASi therapy: angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, angiotensin receptor neprilysin
inhibitors, and mineralocorticoid receptor antagonists/aldosterone receptor antagonists
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costs were $290.50 ± $1300.07 for the Con-
tinue RAASi ? SZC cohort and
$724.90 ± $2569.20 for the Discontinue
RAASi ? No SZC cohort, resulting in a differ-
ence of 59.9% ($434.40; p = 0.003) between
cohorts (Fig. 2b). No significant difference in
all-cause outpatient medical costs was observed
between cohorts.

The reduction in all-cause medical (non-
pharmacy) costs in the Continue RAASi ? SZC
cohort offset an increase in mean all-cause
pharmacy costs versus the Discontinue
RAASi ? No SZC cohort of $3117.71 (p\ 0.001)
per patient. Over the 3-month follow-up period,
patients in the Continue RAASi ? SZC cohort
had a mean $6946.29 ± $13,146.17 all-cause
pharmacy cost, while patients in the Discon-
tinue RAASi ? No SZC cohort had a mean
$3828.58 ± $9046.16 all-cause pharmacy cost.
Median (IQR) all-cause medical and pharmacy
costs are presented in the Supplementary
Material (Table S3).

DISCUSSION

In this noninterventional, retrospective study of
US medical and pharmacy claims data of
patients who experienced hyperkalemia while
receiving RAASi therapy, SZC with continued
RAASi therapy was associated with reduced
hyperkalemia-related and all-cause medical
(non-pharmacy) costs compared with no SZC
therapy and RAASi discontinuation after
hyperkalemia diagnosis. The reduced medical
costs with SZC treatment were driven by
reductions in hyperkalemia-related and all-
cause inpatient medical costs and all-cause ED
medical costs. The reduction in all-cause medi-
cal costs with SZC treatment offset an increase
in all-cause pharmacy costs.

To our knowledge, this is the first study to
describe the impact of SZC, a newer potassium
binder, on short-term medical costs in patients
who developed hyperkalemia while receiving
RAASi therapy. A retrospective, propensity
score matched cohort study of the newer
potassium binder, patiromer, has been reported
[26]. That study, which used de-identified data
(2016 to 2019) from Optum Clinformatics�

Data Mart, found that patiromer-treated
patients who continued RAASi therapy (n = 84)
had a 40% decrease in mean all-cause medical
costs over 3 months of $6209 per patient; mean
all-cause medical costs were $9135 for patients
treated with patiromer who continued RAASi
versus $15,344 for matched patients without
patiromer treatment who discontinued RAASi
therapy after hyperkalemia diagnosis
(p = 0.006). This reduction was driven by
reductions in all-cause outpatient and ED
medical costs among patiromer-treated patients
who continued RAASi therapy. Inpatient medi-
cal costs were not different between matched
patients treated with or without patiromer.
Hyperkalemia-related medical costs were not
assessed in the patiromer study.

The results of the OPTIMIZE II study also
support the findings of a real-world analysis
that indicated that optimizing RAASi therapy
and effectively managing hyperkalemia may
reduce medical costs in patients with CKD and/
or HF [27].

Prospective randomized controlled trials
evaluating the efficacy and safety of continuing
RAASi therapy with the addition of SZC treat-
ment in patients with hyperkalemia have been
published or are ongoing. REALIZE-K
(NCT04676646) is an ongoing, double-blind,
placebo-controlled, parallel-group, randomized
clinical trial evaluating SZC for the manage-
ment of hyperkalemia in patients with symp-
tomatic HF with reduced ejection fraction
(HFrEF) receiving mineralocorticoid receptor
antagonist therapy [28]. This prospective clini-
cal trial will provide long-term safety and effi-
cacy results over a follow-up period of
6 months. The REALIZE-K study is currently
recruiting patients and is expected to be com-
pleted in July 2024 [28]. PRIORITIZE-HF was a
multicenter, double-blind, placebo-controlled,
parallel group, randomized clinical trial that
evaluated the efficacy and safety of using SZC to
intensify RAASi therapy in patients with symp-
tomatic HFrEF [29]. Although the study was
terminated prematurely due to the COVID-19
pandemic, 3-month follow-up of 182 random-
ized patients provided reassuring safety results
related to edema. Three (3.3%) patients in the
SZC group and 1 (1.1%) patient in the placebo
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group experienced an edema-related adverse
event [29].

The current study has several limitations,
most of which are attributable to residual con-
founding from unobservable factors as a result
of the nonrandomized, observational nature of
its design and the use of retrospective insurance
claims data. Therefore, medical cost reductions
could result from factors other than SZC and
continued RAASi therapy. In particular, the
COVID-19 pandemic could have increased the
number of hospitalizations in the study cohorts
because COVID-19 has been shown to be asso-
ciated with hyperkalemia [30]. Although the
baseline rate of diagnosed COVID-19 was simi-
lar in the matched study cohorts (3%), residual
confounding related to COVID-19 cannot be
ruled out. Medical and pharmacy claims data do
not capture mortality or reasons for treatment
discontinuation. The use of medication samples
for branded medications, the use of medications
paid for entirely out of pocket by patients, and
the use of generic medications, including RAASi
therapy, that were not billed to insurers are not

captured. In addition, data describing serum
potassium levels and estimated glomerular fil-
tration rates are not recorded in claims and were
therefore not available for analysis, thus limit-
ing our ability to account for the confounding
effect of hyperkalemia severity on medical
costs. There is potential for exposure misclassi-
fication in the comparison group because rea-
sons for RAASi discontinuation after
hyperkalemia diagnosis were not captured, so
we were unable to determine the clinician’s
intention to manage hyperkalemia through
RAASi discontinuation. The lack of serum
potassium values is also a study limitation due
to the resulting inability to identify alternative
index dates for patients not treated with SZC.
The requirement for continuous insurance
coverage during the baseline and follow-up
periods means the study results may not be
generalizable to uninsured patients. Patients
who discontinued insurance or switched insur-
ance plans during the follow-up period were
also excluded.

Fig. 1 Hyperkalemia-related and all-cause medical costs to
payers across all settings in the Continue RAASi ? SZC
and Discontinue RAASi ? no SZC cohorts over the
3-month follow-up period. Medical costs are adjusted for
inflation to 2021 constant US dollars. *p = 0.01 vs

Discontinue RAASi ? No SZC cohort; **p\ 0.001 vs
Discontinue RAASi ? No SZC cohort. RAASi renin–an-
giotensin–aldosterone system inhibitor, SZC sodium zir-
conium cyclosilicate
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The strengths of this study include the use of
a large, geographically representative database
and real-world patient data. As such, the patient
population included is likely more representa-
tive of that seen in clinical practice than the

study populations of clinical trials. Further-
more, the results of this study are more likely to
reflect real-world medical and pharmacy cost
patterns than those of modeled cost-effective-
ness studies based on clinical trial results

Fig. 2 a Hyperkalemia-related and b all-cause inpatient,
emergency department, and outpatient medical costs to
payers in the Continue RAASi ? SZC and Discontinue
RAASi ? No SZC cohorts over the 3-month follow-up
period. Medical costs are adjusted for inflation to 2021
constant US dollars. *p = 0.02 vs Discontinue RAASi ?

No SZC cohort; **p = 0.003 vs Discontinue RAASi ?
No SZC cohort; ***p = 0.001 vs Discontinue RAASi ?
No SZC cohort. ED emergency department, RAASi
renin–angiotensin–aldosterone system inhibitor, SZC
sodium zirconium cyclosilicate
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projected to hypothetical populations. Finally,
the use of both exact matching and propensity
score matching in these analyses helps mitigate
some of the potential biases that arise from real-
world analysis of insurance claims data in terms
of differences in patient characteristics, baseline
comorbidities, medications, healthcare resource
utilization, and costs. This matching improves
the internal validity of the study.

CONCLUSION

In this real-world study of US patients who
experienced hyperkalemia while receiving
RAASi therapy, continued RAASi therapy and
treatment with SZC was associated with signif-
icantly lower hyperkalemia-related and all-
cause medical costs compared with those of
discontinuing RAASi therapy and no treatment
with SZC. The reduced medical costs with SZC
treatment were driven by reductions in hyper-
kalemia-related and all-cause inpatient medical
costs and all-cause ED medical costs. Impor-
tantly, the reduction in all-cause medical costs
with SZC treatment offset an increase in all-
cause pharmacy costs. The findings of this study
demonstrate that medical cost savings by add-
ing SZC to treat RAASi therapy-induced hyper-
kalemia, instead of discontinuing RAASi
therapy, is achievable in a real-world setting.

ACKNOWLEDGEMENTS

Funding. The OPTIMIZE II study and devel-
opment of the manuscript and graphical
abstract, including medical writing support,
Rapid Service Fee, and Open Access Fee, were
supported by AstraZeneca.

Medical Writing/Editorial Assis-
tance. Simone Tait and Raewyn M. Poole of
inScience Communications, Springer Health-
care, provided medical writing support in
accordance with Good Publication Practice,
funded by AstraZeneca.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Author Contributions. Jamie P. Dwyer:
Study design, interpretation of data, drafting of
the manuscript and revising it critically for
important intellectual content. Abiy Agiro:
Study design, analysis and interpretation of
data, drafting of the manuscript and revising it
critically for important intellectual content.
Pooja Desai: Study design, interpretation of
data, drafting of the manuscript and revising it
critically for important intellectual content.
Yemisi Oluwatosin: Study design, interpretation
of data, drafting of the manuscript and revising
it critically for important intellectual content.
All authors have provided final approval of this
version to be published and agree to be
accountable for all aspects of the work.

Disclosures. Jamie P. Dwyer has acted as a
scientific consultant for AstraZeneca and
received fees from AstraZeneca for the conduct
of this study; has received fees from Sanofi and
CSL Behring as part of a steering committee; has
received fees from Novo Nordisk for outcome
adjudication for a clinical trial; has received fees
from Boehringer Ingelheim and Lilly for study
design; and has received personal fees from
Bayer. Abiy Agiro and Pooja Desai are employ-
ees and stockholders of AstraZeneca. Yemisi
Oluwatosin was an employee and stockholder
of AstraZeneca at the time of the study.

Compliance with Ethics Guidelines. This
study used de-identified patient data in com-
pliance with the Health Insurance Portability
and Accountability Act (HIPAA) and was there-
fore considered exempt from institutional
review board approval or requirement for
informed consent from individual patients, as
per article 45 §CFR 164.514(e). This study was
performed in accordance with the Declaration
of Helsinki of 1964 and its later amendments.

Adv Ther (2023) 40:4777–4791 4789



Data Availability. This was a claims data-
base analysis using IQVIA PharMetrics� Plus
closed claims data obtained under license from
IQVIA Inc. The raw data cannot be publicly
shared because it was obtained from IQVIA Inc.
and as per signed agreement between AstraZe-
neca and IQVIA Inc. However, we have pro-
vided all relevant data in the manuscript that
supports the research objectives and conclu-
sions. We confirm that interested researchers
can contact IQVIA Inc. to access the data. For
further information on data access, please con-
tact IQVIA Inc.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Xie X, Liu Y, Perkovic V, et al. Renin-angiotensin
system inhibitors and kidney and cardiovascular
outcomes in patients with CKD: a Bayesian network
meta-analysis of randomized clinical trials. Am J
Kidney Dis. 2016;67(5):728–41.

2. Brenner BM, Cooper ME, de Zeeuw D, et al. Effects
of losartan on renal and cardiovascular outcomes in
patients with type 2 diabetes and nephropathy.
N Engl J Med. 2001;345(12):861–9.

3. Lewis EJ, Hunsicker LG, Bain RP, Rohde RD, The
Collaborative Study Group. The effect of

angiotensin-converting-enzyme inhibition on dia-
betic nephropathy. N Engl J Med. 1993;329(20):
1456–62.

4. Lewis EJ, Hunsicker LG, Clarke WR, et al. Reno-
protective effect of the angiotensin-receptor antag-
onist irbesartan in patients with nephropathy due
to type 2 diabetes. N Engl J Med. 2001;345(12):
851–60.

5. Jafar TH, Schmid CH, Landa M, et al. Angiotensin-
converting enzyme inhibitors and progression of
nondiabetic renal disease: a meta-analysis of
patient-level data. Ann Intern Med. 2001;135(2):
73–87.

6. Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022
AHA/ACC/HFSA guideline for the management of
heart failure: a report of the American College of
Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. Circu-
lation. 2022;145(18):e895–1032.

7. Kidney Disease: Improving Global Outcomes Blood
Pressure Work Group. KDIGO 2021 clinical practice
guideline for the management of blood pressure in
chronic kidney disease. Kidney Int. 2021;99(3):
S1–S87.

8. Rosano GMC, Tamargo J, Kjeldsen KP, et al. Expert
consensus document on the management of
hyperkalaemia in patients with cardiovascular dis-
ease treated with renin angiotensin aldosterone
system inhibitors: coordinated by the Working
Group on Cardiovascular Pharmacotherapy of the
European Society of Cardiology. Eur Heart J Car-
diovasc Pharmacother. 2018;4(3):180–8.

9. Bandak G, Sang Y, Gasparini A, et al. Hyperkalemia
after initiating renin-angiotensin system blockade:
the Stockholm CREAtinine Measurements
(SCREAM) project. J Am Heart Assoc. 2017;6(7):
e005428.

10. Fried L, Kovesdy CP, Palmer BF. New options for the
management of chronic hyperkalemia. Kidney Int
Suppl (2011). 2017;7(3):164–70.

11. Betts KA, Woolley JM, Mu F, McDonald E, Tang W,
Wu EQ. The prevalence of hyperkalemia in the
United States. Curr Med Res Opin. 2018;34(6):
971–8.

12. Collins AJ, Pitt B, Reaven N, et al. Association of
serum potassium with all-cause mortality in
patients with and without heart failure, chronic
kidney disease, and/or diabetes. Am J Nephrol.
2017;46(3):213–21.

13. Nilsson E, Gasparini A, Arnlov J, et al. Incidence
and determinants of hyperkalemia and

4790 Adv Ther (2023) 40:4777–4791

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


hypokalemia in a large healthcare system. Int J
Cardiol. 2017;245:277–84.

14. Montford JR, Linas S. How dangerous is hyper-
kalemia? J Am Soc Nephrol. 2017;28(11):3155–65.

15. Betts KA, Woolley JM, Mu F, Xiang C, Tang W, Wu
EQ. The cost of hyperkalemia in the United States.
Kidney Int Rep. 2018;3(2):385–93.

16. Desai NR, Reed P, Alvarez PJ, Fogli J, Woods SD,
Owens MK. The economic implications of hyper-
kalemia in a Medicaid managed care population.
Am Health Drug Benefits. 2019;12(7):352–61.

17. Betts KA, Woolley JM, Mu F, et al. Postdischarge
health care costs and readmission in patients with
hyperkalemia-related hospitalizations. Kidney Int
Rep. 2020;5(8):1280–90.

18. Fitch K, Woolley JM, Engel T, Blumen H. The clin-
ical and economic burden of hyperkalemia on
Medicare and commercial payers. Am Health Drug
Benefits. 2017;10(4):202–10.

19. Mu F, Betts KA, Woolley JM, et al. Prevalence and
economic burden of hyperkalemia in the United
States Medicare population. Curr Med Res Opin.
2020;36(8):1333–41.

20. Sharma A, Alvarez PJ, Woods SD, Fogli J, Dai D.
Healthcare resource utilization and costs associated
with hyperkalemia in a large managed care popu-
lation. J Pharm Health Serv Res. 2021;12(1):35–41.

21. Pollack CV Jr, Agiro A, Mu F, et al. Impact on hos-
pitalizations of long-term versus short-term therapy
with sodium zirconium cyclosilicate during routine
outpatient care of patients with hyperkalemia: the
RECOGNIZE I study. Expert Rev Pharmacoecon
Outcomes Res. 2023;23(2):241–50.

22. Palmer BF, Carrero JJ, Clegg DJ, et al. Clinical
management of hyperkalemia. Mayo Clin Proc.
2021;96(3):744–62.

23. Montagnani A, Frasson S, Gussoni G, Manfellotto
D. Optimization of RAASi therapy with new potas-
sium binders for patients with heart failure and
hyperkalemia: rapid review and meta-analysis.
J Clin Med. 2021;10(23):5483.

24. Spinowitz BS, Fishbane S, Pergola PE, et al. Sodium
zirconium cyclosilicate among individuals with
hyperkalemia. Clin J Am Soc Nephrol. 2019;14(6):
798–809.

25. Agiro A, Amin AN, Cook EE, et al. Real-world
modifications of renin-angiotensin-aldosterone
system inhibitors in patients with hyperkalemia
initiating sodium zirconium cyclosilicate therapy:
the OPTIMIZE I study. Adv Ther. 2023;40(6):
2886–901.

26. Coca SG, Rowan CG, Alvarez PJ, Golestaneh L,
Desai N. Comparative effectiveness of patiromer
and RAAS inhibitor continuation vs. no potassium
binder and discontinued RAAS inhibitors on
healthcare resource utilization and cost outcomes
in hyperkalemia [abstract]. J Am Soc Nephrol.
2021;32:7–8.

27. Polson M, Lord TC, Kangethe A, et al. Clinical and
economic impact of hyperkalemia in patients with
chronic kidney disease and heart failure. J Manag
Care Spec Pharm. 2017;23(4-a):S2–9.

28. Clinicaltrials.gov. Study to assess efficacy and safety
of SZC for the management of high potassium in
patients with symptomatic HFrEF receiving
spironolactone (REALIZE-K). 2020. https://classic.
clinicaltrials.gov/ct2/show/NCT04676646. Acces-
sed July 19, 2023.

29. Tardif J-C, Rouleau J, Chertow GM, et al. Potassium
reduction with sodium zirconium cyclosilicate in
patients with heart failure. ESC Heart Fail.
2023;10(2):1066–76.

30. Amin A, Moon R, Agiro A, et al. In-hospital mor-
tality, length of stay, and hospitalization cost of
COVID-19 patients with and without hyper-
kalemia. Am J Med Sci. 2022;364(4):444–53.

Adv Ther (2023) 40:4777–4791 4791

https://classic.clinicaltrials.gov/ct2/show/NCT04676646
https://classic.clinicaltrials.gov/ct2/show/NCT04676646

	Impact of Sodium Zirconium Cyclosilicate Plus Renin--Angiotensin--Aldosterone System Inhibitor Therapy on Short-Term Medical Costs in Hyperkalemia: OPTIMIZE II Real-World Study
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Plain Language Summary
	Digital Features
	Introduction
	Methods
	Data Source
	Ethical Approval
	Study Design and Sample Selection
	Study Measurements and Outcomes
	Statistical Analyses

	Results
	Prescribed Medications
	Costs

	Discussion
	Conclusion
	Acknowledgements
	References




