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Introduction: Hyperkalemia (HK) is a common disorder in patients with heart
failure or chronic kidney disease, and potassium binders (PBs) are recommended
to control serum potassium (S-K) levels. Although HK is often a chronic condition,
short-term and intermittent PBs treatment has been largely applied to control S-K
levels, and little is known about the impact of long-term and chronic PBs
treatment on clinical outcomes.

Method: This retrospective cohort study was conducted using a Japanese claims
database (April 2008-September 2018). HK was defined as at least two
S-K >5.1 mmol/L within a 12-month(M) interval. The index date was defined as
the initial PB prescription date, and the S-K values were examined at 3M, 6M, and
12M after the index. The medication possession ratio (MPR) was used to evaluate
the length of the prescribed period of PB, as prescription refill was not allowed in
Japan. Clinical outcomes were analyzed by comparing MPR <80% to MPR >807%
using Cox proportional hazards regression.

Results: We found 4,321 patients with HK and were on initial PB treatments, and
993 and 3,328 patients were categorized in the MPR <80% and MPR >80% groups,
respectively. The mean prescription days +SD in the MPR <80% and MPR >80%
groups were 114.7 + 9.1 and 1151.2 + 22.5, respectively. S-K value with adjustment
by covariates in MPR <80% and MPR >80% groups were 5.62 (95% Cl: 5.57-5.68)
and 5.72 (95% Cl: 5.68-5.76) at index followed by 4.65 (95% Cl: 4.58—-4.71) and
4.57(95% Cl: 4.51-4.62) at 3M, respectively. The hazard ratios of incidence rates in
hospitalization was 1.41 (p < 0.001), introduction of renal replacement therapy was
1.25 (p < 0.003), recurrent HK was 1.67 (p < 0.001), and decreased eGFR was 1.41
(p < 0.001), respectively.

Conclusion: These results indicate a higher risk of adverse outcomes when PBs
were not prescribed chronically, whereas S-K levels were similarly controlled.
Chronic control with continued PBs rather than temporary treatment may be
associated with the reduction of adverse clinical outcomes in patients with HK.
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1 Introduction

Serum potassium (S-K) levels play an important role in
maintaining homeostasis in humans. In cells such as neurocytes
and myocytes, abnormalities in the resting membrane potential due
to elevated S-K levels—hyperkalemia (HK)—can lead to the
impairment of action potential transmission and muscular
function and, in severe cases, can result in life-threatening
conditions such as fatal arrhythmia and cardiac arrest (Gumz
et al., 2015; Sarwar et al., 2016; Montford and Linas, 2017). In
the chronic course of HK, it has been shown that there is a U-shaped
relationship between S-K levels and mortality in patients with a
worse prognosis if their potassium levels become higher or lower
than the normal range (Korgaonkar et al., 2010; Nakhoul et al., 2015;
Luo et al., 2016; Collins et al., 2017; Krogager et al., 2017; Furuland
etal., 2018; Kashihara et al., 2019). Moreover, HK places a significant
economic burden on healthcare expenditures and resource
utilization (Gumz et al., 2015; Mu et al., 2020).

The management of HK varies according to its underlying cause
(Kashihara et al., 2019). Recent guidelines from the European
Society for Cardiology (ESC) for acute and chronic heart failure
(HF) defined HK and its clinical severity as mild, moderate, and
severe when S-K levels are >5.0 to <5.5 mmol/L, 5.5-6.0 mmol/L
and >6.0 mmol/L, respectively (McDonagh et al., 2021). While the
treatment for acute or life-threatening HK is well-defined (Clase
et al., 2020), the management of chronic HK is varied, and there is
no standard care or specific guidelines in Japan. In general,
treatment consists of a combination of various approaches, such
as a low-potassium diet (Palmer and Clegg, 2016), correction of
discontinuation  of

acidosis, down-titration or

medications associated with HK, prescription of diuretics, and

metabolic

the use of cation-exchange resins or binders (Clase et al., 2020)
depending on the condition of each patient.

In 2022, The American Heart Association/American College of
Cardiology/Heart Failure Society of America Guideline for the
Management of Heart Failure (HF) recommended the use of
potassium binders (PBs) in HF patients who experienced HK
while taking renin-angiotensin-aldosterone system inhibitors
(RAASi) (Heidenreich et al, 2022). The
Improving  Global (KDIGO)
recommend considering measures to reduce S-K levels, such as
PBs, for the management of HK associated with the use of RAASI
before implementing RAASi down-titration or discontinuation
(Clase et al., 2020).

However, PBs have several characteristics and side effects that

Kidney Disease

Outcomes guidelines  also

limit their use, such as poor tolerability, high incidence of
constipation, and severe gastrointestinal complications, including
intestinal necrosis. Poor palatability, such as a peculiar smell or taste,
makes it difficult to continue taking PB medications. It has been
reported that approximately one-quarter of patients receiving
calcium polystyrene sulfonate (CPS) do not adhere to the
treatment (Gorriz JL et al, 2019). A previous study that
examined real-world evidence of Japanese patients with HK
reported that PBs consisting of CPS and sodium polystyrene
sulfonate (SPS) were prescribed to only 5.8% of the patients
identified
(Kashihara et al., 2019). In the follow-up period, the prescription

when the first S-K levels over 5.0 mmol/L were

rate increased to 24.0%, although 100% of the patients were
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prescribed lower daily doses than standard doses. Differences in
PB prescription rates were observed among the countries. A
retrospective survey of recurrent HK in five European countries
reported that PB prescription rates in France, Spain, Italy, Germany,
and the United Kingdom were 45.4%, 21.5%, 13.4%, 8.1%, and 7.5%,
respectively (Rossignol et al., 2020). This suggests differences in the
treatment strategies for HK from country to country, even in
Europe. Heterogeneity was also observed on the days of PB
prescription. A study using the provincial administrative health
database of Canada reported that 22% of patients who were
prescribed PBs received a 1-day supply, and approximately 65%
of those received their first prescription for <10 days (Ren et al.,
2022). Other studies from the US also reported that PB prescription
rates at 30, 60, and 90 days after the initial prescription were 20%-
25%, 5%, and 2%, respectively (Desai et al., 2020; Kovesdy et al.,
2020). In Japan, it has been reported that the median duration of PB
treatment is 140 days (Kashihara et al., 2019), which is significantly
longer than in other countries. However, evidence of the clinical
benefits of long-term potassium binder therapy in real-world clinical
settings remains scarce (Heidenreich et al., 2022).

In the current study, we sought to assess the effects of long-term,
chronic treatment with a PB on S-K control by dividing patients into
two groups based on the medication possession ratio (MPR), using a
threshold of 80% as an indicator of long-term and chronic use
(Karve et al, 2009; Kuwabara et al., 2015; Burge et al, 2016;
Baumgartner et al., 2018; Hartman et al., 2019; Higa et al., 2022;
Komatsu et al.,, 2022). We also assessed the clinical outcomes in
patients with HK to understand optimal management in real-world
clinical practice.

2 Materials and methods
2.1 Data source

A TJapanese hospital claims database from Medical Data Vision
Co., Ltd,, was used for the analysis. The database has nearly
40 million inpatient or outpatient data accumulated since April
2008 from approximately >400 hospitals, compiles administrative
claims data and laboratory data in which diagnoses are coded
according to the International Classification of Diseases, 10th
revision (ICD-10) and treatments are recorded using Anatomical
Therapeutic Chemical Classification (ATC) codes. All data were de-
identified and anonymous (Tanaka et al., 2015).

2.2 Study design

We first extracted 1,353,826 patients who had at least one S-K
value measured during the study period (1 April 2008 to
30 September 2018) from the database. Of these patients,
16,880 met the criteria of HK, defined as >2 S-K values
of >5.1 mEq/L within 360 days, and 10,842 patients were newly
prescribed a PB (Figure 1). The date of PB prescription was defined
as the date, data
collected >12 months prior to the index date were eligible. Other

index and patients with baseline

eligibility criteria were age >18 years at the index date, at least one
measurement of estimated glomerular filtration rate (eGFR) within
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I At least one S-K value measured between (April 1,2008 and September 30, 2018) n=1,353,826 I
HK defined as >2 S-K values of 5.1 mEq/L within 360 days (n=16,880)
Newly prescribed potassium binder (n=10,842)
Patients who fulfilled all of the following criteria 1=7.692
Follow-up end date after the index date ’
At least one eGFR value within 360 days before the index date
At least two prescriptions for potassium binder after or on the index date
Excluded n=3,371
— - Already on dialysis before the index date (n=796)
. Patients with cancer during the study period (n=2,787)
I Overall population n=4,321 I
| vPr<so% n=993 | | MPraso =332 |
_| Patients who do not have data at all visits n=2,376 |
Focused subpopulation n=1,945
(Patients who have all the 3-, 6-, and 12-month follow-up data)
| MPR<80% =475 | | MPR>80%  n=1,470 |
FIGURE 1

Flow diagram of patient inclusion in the study.

360 days before the index date, and >2 prescriptions for PB on or
after the index date (Supplementary Figure S1). Patients were
excluded if they had undergone dialysis before the index date or
had a cancer diagnosis at any time during the study period. Finally,
4,321 patients met all the inclusion and exclusion criteria and were
defined as the overall population, in which 1,945 patients who had
all the 3-, 6-, and 12-month(M) follow-up data were defined as the
focused subpopulation.

The eligible patients were then divided into two groups
according to the MPR, where 993 and 3,328 patients were
categorized in the MPR <80% and MPR >80% groups,
respectively, for the overall population (Table 1), and 475 and
1,470 for the focused subpopulation (Supplementary Table S2).
The MPR was used as an indicator of the duration of PB
treatment since refillable prescriptions were not accepted in
Japan (Akaba et al, 2019). Calculations were performed as the
percentage of the sum of days of prescription for all fills in the
follow-up period to the number of days in the follow-up period
(Karve et al., 2009; Baumgartner et al., 2018). The patients were
followed up from the index date until death, the end of registry, or
drop out of the database. Key clinical events examined during the
follow-up period included death, emergency room (ER) visits,
reason,

hospitalization for any hospitalization for HF,

rehospitalization, introduction of renal replacement therapy
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(RRT), cardiac events, recurrence of HK, and decline in eGFR.
Detailed definitions and other clinical events are presented in
Supplementary Table SI. Chronic kidney disease (CKD) stage
was stratified based on eGFR, according to the Japanese Society
of Nephrology evidence-based clinical practice guidelines for CKD
2018 (Japanese Society of Nephrology, 2019).

2.3 Data analyses

Clinical outcome events of ER visits, hospitalization for any
reason, HF, cardiac events, introduction of RRT, recurrence of
HK, and eGFR decline were evaluated between the two groups.
The time dependence of each group was tested using the log-
rank test. Moreover, Cox proportional hazards models adjusted
for baseline characteristics were conducted to evaluate adjusted
hazard ratio (aHR) for the outcome events with reference to
MPR >80% group. The adjusted Cox proportional models
such as age, sex, RAASI
(CKD, diabetes (DM),
hypertension), Charlson comorbidity score, and use of loop

included following variables,

treatment, comorbidities mellitus
and thiazide diuretics. For S-K levels, we calculated the least-
squares mean of the test values at 3+ 1M, 6 + 1M, and 12 + 1M

and its 95% CI from the index date.
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TABLE 1 Patient characteristics at the index date (overall population).

All patients

(n = 4321)

10.3389/fphys.2023.1156289

MPR <80% MPR >80%

(n = 993) (n = 3328)

Age (years) 74.6 + 12.83

74.6 £ 12.24 74.6 £ 13.01

Sex, male 2475 (57.3%) 544 (54.8%) 1931 (58.0%)
ADL 13.7 £ 7.80 13.7 £ 7.72 13.7 £ 7.83
eGFR (mL/min/1.73 m?) 28.5 £ 20.8 27.2 £19.2 289 £ 21.2

Recorded diagnoses
Diabetes mellitus 2447 (56.6%)
3496 (80.9%)

1907 (44.1%)

Hypertension
Heart failure

CKD 3018 (69.8%)
Stage 1° 15 (0.5%)
Stage 2° 78 (2.6%)
Stage 3a 155 (5.1%)
Stage 3b* 495 (16.4%)
Stage 4* 1140 (37.8%)
Stage 5* 1135 (37.6%)

Myocardial infarction 213 (4.9%)
951 (22.0%)
1194 (27.6%)
828 (19.2%)
677 (15.7%)
22 (0.5%)
341 (7.9%)
758 (17.5%)

Peripheral vascular disease
Cerebrovascular disease
Chronic pulmonary disease
Atrial fibrillation/atrial flutter
Obesity

Acute kidney injury

Mental illness

Depression 213 (4.9%)
Constipation 1626 (37.6%)
Nausea/vomiting 399 (9.2%)
Diarrhea 89 (2.1%)

559 (56.3%)
810 (81.6%)
419 (42.2%)
703 (70.8%)

1888 (56.7%)
2686 (80.7%)
1488 (44.7%)
2315 (69.6%)

3 (0.4%) 12 (0.5%)
11 (1.6%) 67 (2.9%)
37 (5.3%) 118 (5.1%)

93 (13.2%)
291 (41.4%)
268 (38.1%)

402 (17.4%)
849 (36.7%)
867 (37.5%)

44 (4.4%) 169 (5.1%)
212 (21.3%) 739 (22.2%)
273 (27.5%) 921 (27.7%)

(

205 (20.6%)
151 (15.2%)

623 (18.7%)
526 (15.8%)

4 (0.4%) 18 (0.5%)
70 (7.0%) 271 (8.1%)
168 (16.9%) 590 (17.7%)
50 (5.0%) 163 (4.9%)
364 (36.7%) 1262 (37.9%)
92 (9.3%) 307 (9.2%)
16 (1.6%) 73 (2.2%)

Treatments used at the index date
RAASI 2983 (69.0%)
ACEI 737 (17.1%)
ARB 2388 (55.3%)

MRA 944 (21.8%)
SPS/CPS 4321 (100.0%)
Laxative 2204 (51.0%)
Antidiarrheal 821 (19.0%)
Antiemetic 949 (22.0%)

Phosphate binder 147 (3.4%)

685 (69.0%)
167 (16.8%)
552 (55.6%)
186 (18.7%)
993 (100.0%)
487 (49.0%)
199 (20.0%)
228 (23.0%)
33 (3.3%)

2298 (69.1%)
570 (17.1%)
1836 (55.2%)
758 (22.8%)
3328 (100.0%)
1717 (51.6%)
622 (18.7%)
721 (21.7%)
114 (3.4%)

Values are mean + standard deviation or n (%).
“Calculated using the number of patients with CKD, in each group as the denominator.

ACEI, angiotensin-converting enzyme inhibitor; ADL, activities of daily living score; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; CPS, calcium polystyrene sulfonate;

eGFR, estimated glomerular filtration rate; MPR, medication possession ratio; MRA, mineralocorticoid receptor antagonist; RAASI, renin-angiotensin-aldosterone system inhibitor; S-K, serum

potassium; SPS, sodium polystyrene sulfonate.

3 Results
3.1 Patient characteristics

The baseline characteristics of the study population are
summarized in Table 1. The mean age of the overall population
was 74.6 + 12.83 years, and 57.3% were male. The mean eGFR was
28.5 +20.8 mL/min/1.73 m? The most common comorbidities were
hypertension (80.9%), CKD (69.8%; stage 4, 37.8%; stage 5, 37.6%),
DM (56.6%), and HF (44.1%). Approximately two-thirds of patients
(69.0%) were prescribed an RAASi at the index date, with
angiotensin receptor blocker (ARB) being the most common

Frontiers in Physiology

prescription (55.3%). Table 1 also shows the characteristics of
patients subdivided into MPR <80% (n = 993) and MPR >80%
(n = 3,328) groups. Change in the number of treatments prescribed
during the follow-up period are described in Table 2. As presented in
these table, there were no obvious differences in the baseline
characteristics, recorded diagnoses, or treatments prescribed
between the two groups.

The focused subpopulation was also divided into MPR <80% and
MPR >80% groups. Their baseline characteristics and treatments
prescribed during the follow-up period are presented in
Supplementary Table S2, S3 and were generally similar to those of
the overall study population.
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TABLE 2 Treatments prescribed during the follow-up period (overall population).

Overall population MPR <80% (N = 993,
23.0%?)

Index date 3M+1M

6M+1M

Overall population MPR >80% (N = 3328,
77.0%%)

12M+£1M  Index date 3M+x1M  6M+1M  12M£1M

Chronic heart failure (HF)®
Yes 419 (42.2) 337 (35.9) 332 (38.9) 270 (37.2) 1488 (44.7) 979 (35.3) 908 (35.7) 812 (36.2)
RAAS; treatment >* 338 (34.0) 212 (22.6) 208 (24.4) 168 (23.1) 1221 (36.7) 651 (23.5) 576 (22.6) 510 (22.7)
ACE 101 (10.2) 58 (6.2) 54 (6.3) 44 (6.1) 390 (11.7) 166 (6.0) 141 (5.5) 125 (5.6)
ARB 247 (24.9) 147 (15.7) 146 (17.1) 118 (16.3) 873 (26.2) 450 (16.2) 422 (16.6) 370 (16.5)
MRA 144 (14.5) 62 (6.6) 44 (5.2) 30 (4.1) 620 (18.6) 166 (6.0) 137 (5.4) 115 (5.1)
Non-RAASi treatment for HF ¢ 384 (38.7) 276 (29.4) 263 (30.8) 218 (30.0) 1385 (41.6) 820 (29.6) 733 (28.8) 656 (29.2)
No 574 (57.8) 602 (64.1) 521 (61.1) 456 (62.8) 1840 (55.3) 1794 (64.7) 1638 (64.3) 1432 (63.8)
Hypertension
Yes 810 (81.6) 682 (72.6) 634 (74.3) 526 (72.5) 2686 (80.7) 2038 (73.5) 1851 (72.7) 1603 (71.4)
No 183 (18.4) 257 (27.4) 219 (25.7) 200 (27.5) 642 (19.3) 735 (26.5) 695 (27.3) 641 (28.6)
Number of antihypertensive type (n, %) 791 (79.7) 636 (67.7) | 567 (66.5) = 474 (65.3) 2678 (80.5) 1909 (68.8) = 1652 (64.9) | 1393 (62.1)
Drugs inducing Hyper K (n, %)"
RAASi treatment 685 (69.0) 483 (514) | 444 (52.1) 354 (48.8) 2298 (69.1) 1499 (54.1) 1311 (51.5) = 1108 (49.4)
ACE 167 (16.8) 92 (9.8) 84 (9.8) 67 (9.2) 570 (17.1) 296 (10.7) 255 (10.0) 216 (9.6)
ARB 552 (55.6) 396 (42.2) 362 (42.4) 289 (39.8) 1836 (55.2) 1215 (43.8) 1089 (42.8) 910 (40.6)
MRA 186 (18.7) 83 (8.8) 59 (6.9) 38 (5.2) 758 (22.8) 224 (8.1) 179 (7.0) 147 (6.6)
Non-RAASI treatment 832 (83.8) 647 (68.9) 566 (66.4) 484 (66.7) 2859 (85.9) 1860 (67.1) 1614 (63.4) 1384 (61.7)
Treatment (n, %)°
Laxative
Yes 487 (49.0) 250 (26.6) 236 (27.7) 167 (23.0) 1717 (51.6) 674 (24.3) 526 (20.7) 456 (20.3)
No 506 (51.0) 689 (73.4) 617 (72.3) 559 (77.0) 1611 (48.4) 2099 (75.7) 2020 (79.3) 1788 (79.7)
Antidiarrheal
Yes 199 (20.0) 87 (9.3) 68 (8.0) 54 (7.4) 622 (18.7) 223 (8.0) 168 (6.6) 136 (6.1)
No 794 (80.0) 852 (90.7) 785 (92.0) 672 (92.6) 2706 (81.3) 2550 (92.0) = 2378 (93.4) | 2108 (93.9)
Antiemetic
Yes 228 (23.0) 71 (7.6) 68 (8.0) 48 (6.6) 721 (21.7) 175 (6.3) 127 (5.0) 106 (4.7)
No 765 (77.0) 868 (92.4) 785 (92.0) 678 (93.4) 2607 (78.3) 2598 (93.7) = 2419 (95.0) | 2138 (95.3)
Phosphate binder
Yes 33 (3.3) 48 (5.1) 54 (6.3) 59 (8.1) 114 (3.4) 162 (5.8) 157 (6.2) 155 (6.9)
No 960 (96.7) 891 (94.9) 799 (93.7) 667 (91.9) 3214 (96.6) 2611 (94.2) = 2389 (93.8) | 2089 (93.1)

“Calculated by using the number of the total of the overall population as denominator.
"Calculated by using the number of each MPR subgroup as denominator.
“Number in HF patients.

TABLE 3 Time to discontinuation of a potassium binder in the overall
population (all patients and patients stratified by MPR).

Time to discontinuation, days

Mean (SD) Median (95% CI?)

All 4321 881.6 (19.0) 655 (599-757)
MPR <80% 993 ‘ 114.7 (9.1) 42 (36-47)
MPR >80% 3328 ‘ 1151.2 (22.5) 1309 (1141-1731)

*Wald 95% CI.
CI, confidence interval; MPR, medication possession ratio; SD, standard deviation.

3.2 Time to discontinuation of potassium
binders

The mean time to discontinuation of PBs from the index date was
881.6, 114.7, and 1,151.2 days in the overall population, MPR<80%
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group, and MPR >80% group, respectively (Table 3). In the MPR <80%
group, the probability of discontinuation of PB increased sharply in the
first 130 days, but in the MPR >80% group, the probability of
discontinuation was moderate throughout the observation period,
showing a gradient similar to the overall gradient (Figure 2).

The median time to discontinuation of PB therapy was 677 (95%
CI 599-777) days in the focused subpopulation (Supplementary
Table S4). Comparing median values for each MPR, the MPR <80%
group had a significantly shorter time to discontinuation than the
MPR >80% group (46 vs. 1,288 days, Supplementary Figure S2).

3.3 Serum potassium levels

The mean S-K level of the overall population at the index date
was 5.71 + 0.64 mEq/L. The S-K levels at the index date and at 3, 6,
and 12 months in the MPR <80% and MPR >80% groups are shown
in Figure 3 and Table 4.
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FIGURE 2
Time to discontinuation of PB therapy in the overall population
(all patients and patients stratified by MPR).
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FIGURE 3

Serum potassium levels at the index date and at 3, 6, and
12 months in patients stratified by MPR (overall population).

There were significant differences in the S-K levels at the index
date and at 3 months, but not at 6 and 12 months, between the two
groups. A similar trend was observed for the focused subpopulation
(Supplementary Figure S3; Supplementary Table S5).

10.3389/fphys.2023.1156289

3.4 Clinical outcome in MPR>80% and
MPR<80% groups

The proportion of clinical events in the overall population and
focused subpopulation was presented in the two groups: MPR>80%
and MPR<80% (Table 5). In the overall population, significant
increases in the event rate of ER visits, hospitalization for any
reason, hospitalization for HF, hospitalization for cardiac events,
introduction of RRT, CG-GI therapy, ICU admission, recurrence of
HK, and eGFR decline were observed in the MPR<80% group
compared to the MPR>80% group, with hazard ratios (HRs) of
1.231, 1.410, 1.464, 1.363, 1.248, 1.228, 1.241, 1.667, and 1.410,
respectively. In contrast, there were no significant differences in
death or rehospitalization between the two groups. In the focused
subpopulation, significant increases in hospitalization for any
reason, induction of RRT, recurrent HK, and eGFR reduction
were found reproducibly, with HRs of 1.208, 1.256, 1.452, and
1.300, respectively (Table 5; Figure 4).

4 Discussion

In this study, we sought to understand the outcomes of long-
term PB therapy in real-world clinical practice in Japan using MPR
as an indicator of the prescription continuation rate. While few
studies have examined the impact of chronic treatment with PB in
actual clinical settings (Kovesdy et al., 2019; Kovesdy et al., 2020),
many patients require long-term management of HK, including
those with chronic and progressive diseases, such as HF and CKD.
Although no causal relationship has been demonstrated, abnormal
S-Klevels are associated with increased mortality (Korgaonkar et al.,
2010; Nakhoul et al.,, 2015; Luo et al., 2016; Collins et al., 2017;
Krogager et al., 2017; Furuland et al., 2018; Kashihara et al.,, 2019).
Therefore, the chronic management of HK may play an important
role in potentially fatal outcomes. To compare patients with chronic
PB treatment with those without, we divided patients into two
groups based on MPR, using a threshold of 80% as an indicator
of long-term and chronic use. A threshold of 80% is commonly used
to ensure good adherence to medication (Karve et al, 2009;
Baumgartner et al.,, 2018; Hartman et al., 2019). As prescriptions
are not reusable for a refill in Japan, the MPR can be substituted as an
indicator of the prescription continuation rate in real-world clinical

TABLE 4 Serum potassium levels at the index date and at 3, 6, and 12 months in patients stratified by MPR (overall population).

Serum potassium level, mEq/L

MPR <80%

LS mean (95% Cl)

MPR >80%

LS mean (95% Cl)

p-value

Index date 992 5.62 (5.57-5.68) 3328 5.72 (5.68-5.76) <0.001
3+1M 788 4.65 (4.58-4.71) 2315 4.57 (4.51-4.62) 0.005
6+1M 700 4.65 (4.58-4.72) 1980 4.63 (4.57-4.68) 0.360
12+1M 567 4.67 (4.60-4.75) 1647 4.64 (4.58-4.70) 0.307

LS, means were adjusted for age, sex, renin-angiotensin-aldosterone system inhibitor use, comorbidities (chronic kidney disease, diabetes mellitus, heart failure, hypertension), loop diuretic use,

and thiazide diuretic use.
CI, confidence interval; LS, least squares; M, months; MPR, medication possession ratio.
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TABLE 5 Association between the MPR for potassium binders and clinical events in patients with hyperkalemia (overall population and focused subpopulation).

Focused subpopulation (n = 1945)°

Clinical event® Overall population (n = 4321)

MPR <80%  MPR >80% HR° (95% ClI9) MPR <80% MPR =80% HR° (95% CI9)
n (%) 993 (23.0%) 3328 (77.0%) — — 475 (24.4%) 1470 (75.6%) — —
Death 160 (16.1%) 515 (15.5%) 1.002 (0.839-1.197) | 0983 43 (9.1%) 127 (8.6%) 1.176 (0.832-1.662) | 0.359
ER visit 373 (37.6%) 1040 (31.3%) 1.231 (1.093-1.386) | <0.001 171 (36.0%) 552 (37.6%) 1.013 (0.852-1.204)  0.877
Hospitalization for any 727 (73.2%) 1932 (58.1%) 1.410 (1.294-1.535) | <0.001 351 (73.9%) 1015 (69.0%) 1.208 (1.067-1.367) | 0.002
reason
Hospitalization for HF 43 (4.3%) 98 (2.9%) 1.464 (1.024-2.094) | 0033 16 (3.4%) 58 (3.9%) 0.895 (0.514-1.558)  0.694
Hospitalization for cardiac | 155 (15.6%) 378 (11.4%) 1.363 (1.130-1.643) | 0.001 73 (15.4%) 219 (14.9%) 1.084 (0.831-1.413)  0.547
events
Rehospitalization 209 (21.0%) 455 (13.7%) 1.061 (0.903-1.247) = 0474 100 (21.1%) 241 (16.4%) 1.053 (0.837-1.325)  0.664
Introduction of RRT 232 (23.4%) 623 (18.7%) 1.248 (1.074-1451) | 0.003 133 (28.0%) 365 (24.8%) 1.256 (1.028-1.534)  0.024
CG-GI therapy 264 (26.6%) 723 (21.7%) 1228 (1.070-1.411) | 0.003 106 (22.3%) 285 (19.4%) 1.227 (0.982-1.532) | 0.071
ICU admission 163 (16.4%) 437 (13.1%) 1241 (1.038-1.484) | 0017 65 (13.7%) 186 (12.7%) 1.153 (0.870-1.530) | 0.319
Recurrence of hyperkalemia | 867 (87.3%) 2277 (68.4%) 1.667 (1.540-1.805) | <0.001 442 (93.1%) 1298 (88.3%) 1.452 (1.298-1.626) | <0.001
eGFR decline 623 (62.7%) 1603 (48.2%) 1410 (1.285-1.547) | <0.001 334 (70.3%) 924 (62.9%) 1.300 (1.143-1479) | <0.001

“*See Supplementary Table S1 for definitions of clinical events.
"Patients with follow-up data at all three time points (3, 6, and 12 months).

“Cox proportional hazards ratio (reference group: MPR >80%) Death: Cox proportional hazards regression model. Non-death: Cumulative survival function (reference group: MPR >80%).

9Wald 95% CIL.
“Graytest (log-rank test for death).

CG-Gl, calcium gluconate or glucose plus insulin injection; CI, confidence interval; eGFR, estimated glomerular filtration rate; ER, emergency room; HF, heart failure; HR, hazard ratio; ICU,

intensive care unit; MPR, medication possession ratio; RRT, renal replacement therapy; SD, standard deviation.

practice (Kuwabara et al., 2015; Burge et al., 2016; Higa et al., 2022;
Komatsu et al., 2022).

By using the threshold of MPR 80%, there was a significant
difference in the median prescription days of PBs between the
MPR<80% and MPR >80% groups (655 and 1,309 days,
respectively). The MPR >80% group had higher baseline S-K
levels (mean S-K 5.72mEq/L) than the MPR <80% group (mean
S-K 5.62mEq/L). This difference was canceled after 12 months of
follow-up (Figure 3; Table 4). It has also been observed that the
decrease in S-K levels occurred in the first 3 months and then
remained at a similar level at 6 and 12 months. Considering the
possibility of additional bias related to incomplete follow-up with
missing data, we repeated the analyses using the focused
subpopulation, comprising 1,945 patients with follow-up data at
all three time points and found similar results (Supplementary
Figure S3; Supplementary Table S5). Given that the mean and
median times to PB discontinuation in MPR <80% group were
114.7 and 42 days, respectively (Table 3), the stable S-K control after
3 months (about 90 days) suggested a possibility that some doctors
stopped PBs prescription based on a determination that there had
been a clinically meaningful response (e.g., return to normal). The
fact that PB therapy was discontinued sooner in the MPR <80%
group than in the MPR >80% group (Figure 2) also supported this
hypothesis. Although the goal of lowering S-K to a certain level is a
common practice for PB treatment, there seem to be two major
management methods: one is to discontinue PB prescription when
S-K drops to a target level, and the other is to continue the
prescription to maintain S-K at the target level.

Frontiers in Physiology

Next, we compared the incidence of clinically relevant events
between the MPR =>80% and MPR <80% groups. Despite
numerically similar S-K levels between the two groups after
12 months of follow-up, the MPR <80% group had significantly
increased event rates in HK recurrence, hospitalization for any
reason, introduction of RRT, and eGFR decline compared to the
MPR >80% group in both the overall population and focused
subpopulation (Table 5; Figure 4).

Recurrence of HK is relatively common and affects clinical
outcomes in patients with HK. In our previous study, the
cumulative incidence of recurrent HK after 1 year was 55.6%,
19.9%, and 4.9% among patients with S-K levels of >5.1, >5.5,
or >6.0 mEq/L, respectively (Kashihara et al., 2019). In another
study, recurrence of HK was reported in up to 49% of patients
within 6 months in a Danish study (Adelborg et al., 2019) and
35% of patients within 1 year in a Canadian study (Hundemer
etal.,2021). These reports and our findings suggest that chronic
PB treatment may be beneficial for the prevention of recurrent
HK events compared with short-term PB treatment.

In addition to recurrent HK events, we observed an increased event
rate of hospitalization in the MPR <80% group. Although we did not
examine the cause of each hospitalization, it is presumed, based on our
previous report, that severe events related to CKD, cardiac events
incduding HF, and recurrent HK may be associated with
hospitalization (Kanda et al, 2020). Indeed, a previous study
demonstrated that patients with HK were more likely to have
frequent hospitalizations or rehospitalizations and longer hospital stays
than normokalemic patients (Kanda et al., 2020). The study also showed
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that CKD, HF, and number of recurrent HK episodes were the three most
important factors associated with increased healthcare costs, including
hospitalization costs. As the continuation of PB therapy reduced
hospitalizations in the current study, chronic PB treatment may also
contribute to the reduction of healthcare expenditure and resource
utilization by decreasing HK-related events requiring hospitalization.

Chronic PB treatment was also associated with renal protection, as
shown by a reduction in the introduction of RRT and eGFR decline. In
our recent study of Japanese patients with CKD, HK was associated with
a greater decline in renal function. In fact, eGFR change over 3 years in
CKD patients with or without HK was -5.75 mL/min/1.73 m*
or —1.79 mL/min/1.73 m* respectively (Kohsaka et al, 2021). Taken
together with the current findings of renal protective effects with chronic
PB treatment, long-term management of HK with chronic PB treatment
could be considered, especially for patients with CKD. It is important to
note that an increase in S-K levels is directly related to impaired
potassium excretion due to worsening kidney function (Gilligan and
Raphael, 2017), and worsening renal function can contribute to an
increase in recurrent HK. Therefore, renal protection observed in the
MPR >80% group compared to the MPR <80% group might also have
effects on the reduction of recurrent HK and subsequent hospitalization.
In addition, it may be possible that patients with high MPR may suggest
proper medication follow up with regular hospital visit, and these patients
may have better clinical outcomes related to better adherence of other
medication. However, there were no obvious differences in the number of
treatments prescribed during the follow-up period (Table 2;
Supplementary Table S3).

Current guidelines highlight the role of PBs in managing HK and
preventing its recurrence (McDonagh et al., 2021; Heidenreich et al,
2022). Newer PBs may also permit the continuation or intensification of
RAAS;] therapy (Agarwal et al., 2021; Imamura et al,, 2021; Montagnani
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et al,, 2021; Williams et al., 2021; Esteban-Fernéndez et al., 2022), which
will improve the outcome of HF patients, as suggested by the ESC
guidelines (McDonagh et al., 2021). However, at the time of this study, the
PBs available in Japan were SPS and CPS. Further studies including the
newer-generation PB, SZC (Lokelma”®, AstraZeneca), may show a greater
difference in clinical outcomes by maintaining, initiating, or up-titrating
RAAS; (Linder et al, 2016; Imamura et al., 2021; Rastogi et al,, 2021;
Swanson et al., 2021; Williams et al., 2021).

Opverall, these findings suggest that long-term PB therapy may be
beneficial for reducing the incidence of clinically relevant events
along with other medication for renal and cardiac protection, such as
RAASI, and may have the potential to improve HK management for
better prognosis in addition to ongoing S-K control.

5 Limitations

Some limitations of this study are inherent to the analyses of a
hospital claims database, including the presence of unmeasured
confounding factors, incomplete data, and the possibility that
diagnoses and/or prescriptions may be inaccurate or vary by
institution. Thus, measurements of variables may be incomplete
and non-precise. Furthermore, patients were not tracked across
multiple hospitals, and not all hospitals participated in the database.
Thus, patients may receive prescriptions for PB at one hospital but
may be admitted to another hospital for other reasons, such as
treatment of HF or renal disease. Additionally, changes in
concomitant medications, including RAASis or other drugs
associated with an increased risk of HK, during the follow-up
were not analyzed in this study. Likewise, the use of other
S-K-lowering therapies has not been assessed. Finally, we have
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not considered the adverse effects of PBs in this study and since we
used MPR for prescriptions length, it does not necessarily mean that
the received medication was taken by the patients.

6 Conclusion

In conclusion, few studies have examined the impact of long-
term treatment with PBs on clinical events in patients with HK in
real-world clinical settings. Here, we have shown a reduction in the
risk of clinically relevant events, including recurrent HK,
hospitalization, introduction of RRT, and eGFR decline by
chronic PB treatment with MPR 2>80% compared with
MPR <80%. Chronic control with continued PBs rather than
temporary treatment may be associated with the reduction of
adverse clinical outcomes in patients with HK.
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