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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 ≥80% 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% CI: 5.57–5.68) and 5.72 (95% CI: 5.68–5.76) at index followed by 4.65 (95% CI: 4.58–4.71) and 4.57 (95% CI: 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 et al., 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 metabolic acidosis, down-titration or discontinuation of medications associated with HK, prescription of diuretics, and 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 Kidney Disease Improving Global Outcomes (KDIGO) guidelines also 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 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 when the first S-K levels over 5.0 mmol/L were identified (Kashihara et al., 2019). In the follow-up period, the prescription rate increased to 24.0%, although 100% of the patients were 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 Japanese 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 index date, and patients with baseline data collected ≥12 months prior to the index date were eligible. Other eligibility criteria were age ≥18 years at the index date, at least one measurement of estimated glomerular filtration rate (eGFR) within 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.
[image: Figure 1]FIGURE 1 | Flow diagram of patient inclusion in the study.
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, hospitalization for any reason, hospitalization for HF, rehospitalization, introduction of renal replacement therapy (RRT), cardiac events, recurrence of HK, and decline in eGFR. Detailed definitions and other clinical events are presented in Supplementary Table S1. 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).
TABLE 1 | Patient characteristics at the index date (overall population).
[image: Table 1]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 included following variables, such as age, sex, RAASi treatment, comorbidities (CKD, diabetes mellitus (DM), hypertension), Charlson comorbidity score, and use of loop 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.
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 m2. 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 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.
TABLE 2 | Treatments prescribed during the follow-up period (overall population).
[image: Table 2]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.
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% 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).
TABLE 3 | Time to discontinuation of a potassium binder in the overall population (all patients and patients stratified by MPR).
[image: Table 3][image: Figure 2]FIGURE 2 | Time to discontinuation of PB therapy in the overall population (all patients and patients stratified by MPR).
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.
[image: Figure 3]FIGURE 3 | Serum potassium levels at the index date and at 3, 6, and 12 months in patients stratified by MPR (overall population).
TABLE 4 | Serum potassium levels at the index date and at 3, 6, and 12 months in patients stratified by MPR (overall population).
[image: Table 4]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).
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).
TABLE 5 | Association between the MPR for potassium binders and clinical events in patients with hyperkalemia (overall population and focused subpopulation).
[image: Table 5][image: Figure 4]FIGURE 4 | Cumulative incidences of hospitalization for any reason (A), introduction of RRT (B), recurrence of hyperkalemia (C), and eGFR decline (D) in patients stratified by MPR (overall population).
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-K levels 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 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.
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 et al., 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 including 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 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 m2 or −1.79 mL/min/1.73 m2, 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 RAASi therapy (Agarwal et al., 2021; Imamura et al., 2021; Montagnani et al., 2021; Williams et al., 2021; Esteban-Fernández 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 RAASi (Linder et al., 2016; Imamura et al., 2021; Rastogi et al., 2021; Swanson et al., 2021; Williams et al., 2021).
Overall, 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 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 ≥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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