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Abstract: Hyperkalemia is associated with an increased risk of mortality and is a common complica-
tion in patients with chronic kidney disease (CKD). Despite the prevalence of hyperkalemia, current
real-world data suggest that serum potassium levels are not effectively managed in clinical practice.
The potential benefit of potassium binders in reducing the risk of death has not been thoroughly
investigated. Therefore, this retrospective cohort study aimed to investigate the potential impact of
potassium binders on mortality risk in patients with CKD by analyzing electronic medical records.
The study included 1689 patients with CKD and hyperkalemia (serum potassium level > 5.0 mEq/L),
who visited Kawasaki Medical School Hospital between January 2014 and December 2018. The
patients were divided into two groups: those without CPS (calcium polystyrene sulphonate) treat-
ment (CPS_OFF) and those with CPS treatment (CPS_ON). The results showed that the incidence of
death was significantly higher in the CPS_OFF group than in the CPS_ON group (22.3% vs. 19.6%,
p < 0.001). After propensity score matching, the CPS_ON group had a higher survival rate than the
CPS_OFF group (log-rank test, p = 0.020). These results suggest that potassium binders may reduce
the risk of death in patients with CKD and hyperkalemia. We hope that the results of this cohort
study will be confirmed in future RCTs.
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1. Introduction

Potassium is a vital electrolyte that plays a crucial role in maintaining proper cellular
and organ functioning in the human body. The regulation of serum potassium levels is es-
sential to preventing potentially life-threatening complications, as even minor fluctuations
in potassium levels can have serious consequences. Hyperkalemia, a condition charac-
terized by elevated serum potassium levels greater than 5.0 mEq/L [1,2], is a significant
concern for patients with CKD.

The human body employs a combination of renal and extrarenal mechanisms to
maintain a tight range of extracellular potassium levels following dietary potassium load
ingestion [3]. The distal tubules of the kidney are particularly important in maintaining
potassium homeostasis through the renin-angiotensin-aldosterone system. However, in
patients with CKD, the impairment of kidney function leads to a reduced ability to excrete
excess potassium, resulting in hyperkalemia.

Hyperkalemia is a major complication of CKD, which affects millions of people world-
wide. The consequences of untreated hyperkalemia can be severe, including abnormal
heart rhythms and potentially fatal cardiac arrest. Therefore, it is crucial to closely monitor
serum potassium levels in CKD patients and to implement interventions such as the use of
potassium binders to manage hyperkalemia.

Several clinical conditions affect potassium levels, including CKD, diabetes mellitus
and heart failure [4,5]. Some medications, such as renin-angiotensin-aldosterone inhibitors
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(RAASi) and nonsteroidal anti-inflammatory drugs, can also increase hyperkalemia risk [6].
Hyperkalemia prevalence, as reported in the most recent observational studies, ranges
from 1% to 50% [7–9]; in CKD outpatients in the J-CKD-DB, which is the Japanese CKD
database, the prevalence was 8.3% and, in patients with CKD stages G4 and G5, it was
11.6% [10]. In a hospital-based cohort outcome study, dichotomized analysis showed that
patients with potassium levels of 6.5 mmol/L or higher had an in-hospital mortality of
31% [11]; these real-world data suggest that serum potassium levels are not controlled well
enough in clinical practice.

Hyperkalemia is associated with an increased risk of death, which is only partly
explicable by hyperkalemia-induced cardiac arrhythmia. Patients with hyperkalemia have
an increased mortality, with a hazard ratio of 7.6 (95% confidence interval [CI]: 7.2–8.0)
in the case of serum potassium between 5.1 and 5.4 mEq/L [12]. Furthermore, patients
with mild hyperkalemia (serum potassium ≥ 5.0 mEq/L) should receive the attention of a
physician because they are at risk of further increases in serum potassium to levels that
may trigger fatal arrhythmias [13,14].

In the past, sodium polystyrene sulfonate (SPS) and calcium polystyrene sulfonate
(CPS) were the only drugs available for the treatment of hyperkalemia. While SPS long-term
efficacy has not been evaluated in randomized, placebo-controlled trials, a recent study
involving 247 adult patients with a baseline estimated glomerular filtration rate (eGFR) level
of 30 ± 15 mL/min/1.73 m2 suggested that CPS is effective and safe for controlling mild
hyperkalemia in CKD [15]. Despite the effectiveness of potassium binders in managing
hyperkalemia, there is currently no evidence to suggest that they reduce the risk of death
associated with hyperkalemia. To investigate this question further, a retrospective cohort
study was conducted using the electronic medical records of patients with CKD. The
study aimed to explore the potential relationship between the use of potassium binders
and a reduction in death risk in patients with hyperkalemia. The findings of this study
could potentially pave the way for the development of new treatment strategies to manage
hyperkalemia and improve patient outcomes.

2. Materials and Methods

Study design and participants: This is a retrospective cohort study, wherein data from
the electronic medical records of patients with CKD at Kawasaki Medical School Hospital
were used. The study design is shown in Figure 1.
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Figure 1. Flowchart of study population. Of these, 2945 were CKD patients with hyperkalemia
(serum potassium levels > 5.0 mEq/L) who first visited between 1 January 2014 and 31 December
2015, and they were included in this study. We excluded CKD G5 from this study. We also excluded
CKD patients without the required laboratory data.
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We extracted data for patients who visited the Kawasaki Medical School Hospital
more than once from 1 January 2014 to 31 December 2018. Of these, 2945 patients with
CKD with hyperkalemia (serum potassium levels > 5.0 mEq/L) who first visited between
1 January 2014 and 31 December 2015 were included in this study. We excluded CKD G5
from this study. We also excluded CKD patients without the required laboratory data.
CPS is used as a potassium binder at the Kawasaki Medical School. In the end, 1689 CKD
patients were enrolled and included in the analysis.

Age, sex, eGFR, serum potassium, creatinine, high sensitive C-reactive protein (CRP),
hemoglobin, uric acid (UA), total cholesterol (TC), sodium (Na), serum albumin, blood
glucose (BG), CPS usage (Kalimate and Argamate), RAASi usage (an angiotensin II re-
ceptor blocker, an angiotensin-converting enzyme inhibitor, a mineral corticoid receptor
antagonist) and death date comprised the extracted data. A 90-day observation period
was used. The primary outcome was death. We defined the patients, at baseline date,
treated with CPS as CPS_ON and without CPS as CPS_OFF. We further divided the patients
into four groups, CPS_OFF-RAASi_OFF, CPS_OFF-RAASi_ON, CPS_ON-RAASi_OFF and
CPS_ON-RAASi_ON, based on the baseline data.

Statistical analyses were conducted as follows. Baseline statistics were reported
as mean ± standard deviation (SD) for normally distributed data and as median and
interquartile range for non-normally distributed data. The baseline patient characteristics
and outcomes were compared using appropriate statistical tests such as the chi-square
test, t-test or Mann–Whitney U test. The survival rate was evaluated using Kaplan–Meier
survival curves, and the log-rank test was used to assess statistical significance. A Cox
proportional hazards model was used to compare the risks of death between the groups
while adjusting for baseline characteristics. Hazard ratios with 95% confidence intervals
(CIs) were reported as the results. To reduce the baseline characteristic bias between
the CPS_ON and CPS_OFF groups, a propensity score-matched analysis was conducted.
The following factors were included in a logistic regression model as covariates to
calculate the propensity score: age, sex, ln(eGFR), potassium levels, serum albumin
levels and hemoglobin levels. Nearest-neighbor matching replacement with a caliper
width of 0.2 logits of the standard deviation was used to create a one-to-one match
between the groups. The survival analysis was then conducted. All statistical analyses
were performed using R version 3.5.0. Statistical significance was defined as p < 0.05,
two-tailed.

3. Results
3.1. Baseline Characteristics and Outcomes

Of the 1689 study patients, 1399 were in the CPS_OFF group and 290 in the CPS_ON
group; Table 1 shows the baseline characteristics.

The study revealed that a greater number of patients were treated with renin-angiotensin-
aldosterone system inhibitors (RAASi) in the CPS_ON group compared to the CPS_OFF group.
Notably, the CPS_ON group exhibited lower estimated glomerular filtration rate (eGFR)
and hemoglobin levels, while their potassium levels were significantly higher than those
observed in the CPS_OFF group. The observed differences in eGFR, hemoglobin levels, and
potassium levels between the CPS_ON and CPS_OFF groups may be attributed to the effects
of RAASi treatment, which can lead to changes in kidney function, blood cell production and
electrolyte balance.

3.2. Relationship between CPS Use and Death

The usefulness of the CPS was first examined over a 90-day observation period.
During the observation period up to 90 days, the Kaplan–Meier curve for the primary
endpoint showed that the CPS_ON group had a higher survival rate than the CFS_OFF
group (log-rank test, p = 0.007; Figure 2).
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Table 1. Baseline characteristics of patients grouped by CPS treatment.

All
n = 1689

CPS_OFF
n = 1399

CPS_ON
n = 290 p

Demographic characteristic

Age (years) 77.0 [69.0, 83.0] 77.0 [69.0, 83.0] 75.0 [69.0, 81.0] 0.010

Male (n, %) 1039 (61.5%) 852 (60.9%) 187 (64.5%) 0.254

Medication

CPS (n, %) 290 (17.2%) 0 (0.0%) 100 (100.0%) –

RAASi (n, %) 724 (42.9%) 535 (38.2%) 189 (65.2%) <0.001

Laboratory measurement

K (mEq/L) 5.1 [5.0, 5.4] 5.1 [5.0, 5.3] 5.2 [5.1, 5.5] <0.001

Hb (g/dL) 11.6 ± 2.5 11.7 ± 2.5 11.2 ± 2.2 <0.001

eGFR (ml/min/1.73 m2) 41.7 [29.8, 51.1] 43.2 [31.8, 52.0] 33.0 [25.7, 44.1] <0.001

TC (mg/dL) 168.0 [140.0,
203.0]

169.0 [140.0,
204.0]

164.0 [140.0,
195.3] 0.208

Albumin (g/dL) 3.7 [3.0, 4.1] 3.7 [3.0, 4.1] 3.6 [3.1, 4.0] 0.182

BG (mg/dL) 107.0 [94.0,
137.0]

107.0 [94.0,
137.0]

107.5 [94.0,
138.0] 0.984

Continuous variables are shown as mean ± SD or median [interquartile range]. Categorical variables are shown as
n (%). Abbreviations: CPS, calcium polystyrene sulfonate; RAASi, renin–angiotensin–aldosterone system inhibitor;
Hb, hemoglobin; eGFR, estimated glomerular filtration rate; TC, total cholesterol; and BG, blood glucose.
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Figure 2. Survival rates in the original study population. Kaplan–Meier curves for the primary
outcome over 90 days.

Table 2 shows the incidence of death, which was higher in the CPS_OFF group than in
the CPS_ON group (22.3% vs. 19.6%, p < 0.001).

Table 2. Incident of death in both group.

All CPS_OFF
Group

CPS_ON
Group p

n = 1689 n = 1399 n = 290

Death, n (%) 367 (11.8%) 185 (13.2%) 15 (5.2%) <0.001

Observation period, median
days (interquartile range) 90 (26, 90) 90 (18, 90) 90 (90, 90) <0.001
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In addition to the previously discussed findings, the study conducted an extended
observation period of up to 1000 days, followed by a Kaplan–Meier curve analysis to
evaluate the survival rate of patients in the CPS_ON and CPS_OFF groups. The results of
the analysis revealed that the survival rate was significantly higher in the CPS_ON group
compared to the CPS_OFF group (log-rank test, p = 0.0001), as demonstrated in Figure 3.
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outcome over 1000 days.

The interaction between CPS and RAASi was also insignificant (p = 0.73), and the
adjusted Cox proportional hazard model showed that the CPS_ON group was 0.67 times
less likely to have the primary outcome than the CPS_OFF group (Table 3).

Table 3. Association of CPS treatment with the primary outcome.

Hazard Ratio (95% CI) p

Age (years) 1.02 (1.01, 1.03) <0.001

Male 1.46 (1.16, 1.84) 0.002

ln(eGFR) 0.75 (0.56, 1.02) 0.063

Albumin (g/dL) 0.31 (0.27, 0.36) <0.001

K (mEq/L) 2.50 (2.16, 2.89) <0.001

UA (mg/dL) 1.07 (1.02, 1.13) 0.008

TC (mg/dL) 1.00 (1.00, 1.00) 0.272

BG (mg/dL) 1.00 (1.00, 1.00) 0.004

CPS (On:1) 0.66 (0.49, 0.88) 0.006

RASSi (On:1) 0.61 (0.49, 0.76) <0.001

Na (mEq/L) 0.98 (0.96, 1.00) 0.041

Hb (g/dL) 0.98 (0.93, 1.03) 0.432

The hazard ratio of the CPS_ON group to the CPS_OFF group is shown. The mul-
tivariate Cox proportional hazard model was adjusted for baseline characteristics such
as age, sex, ln(eGFR), serum albumin levels, serum potassium levels, serum uremic acid
levels, serum total cholesterol levels, serum blood glucose levels, serum natrium levels,
RAS treatment and hemoglobin levels.

Although there was no interaction between CPS and RAASi, a stratified analysis was
performed to consider the possibility that the effect of CPS may be mediated by RAASi. We
further divided the patients into four groups: CPS_OFF-RAASi_OFF, CPS_OFF-RAASi_ON,
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CPS_ON-RAASi_OFF and CPS_ON-RAASi_ON. The Kaplan–Meier curves are shown in
Figure 4.
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There was a significant difference between the CPS_OFF-RAASi_OFF and CPS_ON-
RAASi_OFF groups (p < 0.001), but not between the CPS_OFF-RAASi_ON and CPS_ON-
RAASi_ON groups (p = 0.969). The results showed that the effect of the CPS was particularly
pronounced in the RAASi-treated group.

3.3. Propensity Score-Matched Analysis

The patients were matched between the two main groups (Table 4) according to
propensity score.

Table 4. Base line data after PS matching.

All
n = 578

CPS_OFF
n = 289

CPS_ON
n = 289 p ASD

Demographic characteristic
Age (years) 76 [69.0, 83.0] 78 [69, 84] 75 [69, 81] 0.084 0.144

Male 367 (63.6%) 181 (31.3%) 186 (32.1%) 0.730 0.036
Medication

CPS 289 (50.0%) 0 (0.0%) 289 (100.0%) - -
RAASi 377 (64.3%) 189 (32.6%) 188 (32.5%) 1 0.007

Laboratory measurement
K (mEq/L) 5.2 [5, 5.4] 5.35 [5, 5.4] 5.2 [5.1, 5.5] 0.975 0.03
Hb (g/dL) 11.0 ± 2.4 11.05 ± 2.47 11.15 ± 2.2 0.592 0.045

eGFR (mL/min/1.73 m2)
33.8 [25.15,

45.22]
35.27 [24.61

46.5] 33.10 [25.8, 43.9] 0.978 0.002

TC (mg/dL) 166 [141, 199] 168 [141, 202] 164 [140.0, 195] 0.804 0.021
Albumin (g/dL) 3.6 [3.1, 4.0] 3.7 [3.1,4.1] 3.6 [3.1, 4.0] 0.426 0.066

BG (mg/dL) 107 [94, 138] 107 [138, 94] 108 [94.0, 138.0] 0.58 0.046
Continuous variables are shown as mean ± SD or median [interquartile range]. Categorical variables are shown
as n (%). SD, standard deviation; ASD, absolute standardized difference. p-value is shown for the chi-squared test,
unpaired t-test and Mann–Whitney U test.
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The incidence of death was higher in the CPS_OFF group than that in the CPS_ON
group (Table 5).

Table 5. Incident of death in both group after PS matching.

All
n = 578

CPS_OFF
Group
n = 289

CPS_ON
Group
n = 289

p

Death, n (%) 119 (20.5) 64 (11%) 55 (9.5)

Observation period, median
days (interquartile range) 601.36 (907.75) 440 (978) 1000 (715) <0.004

In the Kaplan–Meier curves for the primary outcome, the survival rate was lower in
the CPS_OFF group than that in the CPS_ON group (log-rank test, p = 0.020) (Figure 5).
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4. Discussion

In this study, survival analysis showed that CPS administration reduced the risk of
death in patients with CKD, and this effect was maintained after propensity score matching.
To the best of our knowledge, no clinical studies have previously investigated whether
potassium binders reduce the risk of death in patients with CKD with hyperkalemia, which
has been reported to reduce life expectancy.

There are many confounding factors and interactions between abnormal potassium
levels and life expectancy. For instance, renal dysfunction, heart failure and diabetes
mellitus all reduce life expectancy and are risk factors for hyperkalemia. Another possible
factor is that patients with hyperkalemia have a lower rate of use of RAASi medications.
NICE guidelines recommend that anti-RAAS treatments not be offered to patients with
CKD if pre-treatment serum potassium exceeds 5.0 mEq/L. RAAS inhibition treatment was
discontinued in 25% of patients with hyperkalemia in 194,456 outpatients in the Geisinger
Health System [16]. Due to these possible confounding factors, it is unclear how correcting
abnormal potassium levels will contribute to improved life expectancy. Therefore, we
conducted a propensity-score-matched analysis to resolve this question.

Einhorn et al. studied the effect of CKD (eGFR < 60 mL/min/1.73 m2) on the inci-
dence of hyperkalemia and death within 1 day of onset in a cohort of US veterans [17].
Regardless of the presence or absence of renin-angiotensin system inhibitors, patients with
CKD had a higher incidence of hyperkalemia, and the odds of death within 1 day after
the onset of moderate hyperkalemia (5.5 ≤ serum potassium < 6.0 mEq/L) and severe
hyperkalemia (serum potassium ≥ 6.0 mEq/L) were significantly higher than for CKD and
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normal potassium levels. Furthermore, when analyzed according to the stage of CKD, the
association between hyperkalemia and death was stronger in the earlier stages. However,
these results were obtained from observational studies and did not directly indicate the
prognostic impact of controlling serum potassium levels.

In end-stage renal failure, it was unclear whether the discontinuation of RAASi pro-
longs renal prognosis. The STOP-ACEi trial was conducted to investigate this point [18]. In
this trial, the discontinuation of RAASi in patients with advanced chronic kidney disease
did not result in clinically significant changes in eGFR or group differences in the rate of
long-term decline in eGFR. However, there was a trend toward an increase, although not
significant, in the RAASi discontinuation group with respect to cardiovascular events. In a
large observational study, Fu et al. found an increased incidence of major cardiovascular
events and death in patients who discontinued RAASi [19]. Based on these results, several
clinical studies have been conducted with the outcome of whether the use of potassium
binders is useful for the continued use of RAASi. Recent randomized, controlled trials have
reported that two newer potassium-binder patiromer and sodium zirconium cyclosilicate
(ZS-9) effectively and safely reduce serum potassium levels in patients with CKD taking
RAASi medications. Those patients receiving submaximal doses or those who discontinued
RAASi therapy had worse outcomes than those receiving maximal doses of RAASi medica-
tions, including a higher incidence of CV events, a more rapid progression of kidney disease
and increased mortality [20]. The use of extended-release patiromer, a potassium binder,
is associated with a relatively high continuation rate of RAASi therapy and decreased
hospitalization rates [21]. On the other hand, patients with hyperkalemia who adhere to
RAASi regimens have a higher risk of total mortality than non-adherent patients [22]. In
another clinical trial, the use of SZC has been shown to be useful in maximizing RAASi
dosing in patients with advanced CKD and HF. Thus, the use of RAASi as a benefit of
potassium control is sufficient [23]. Furthermore, these results have led to the current
DIAMOND trials [24]. The primary outcomes of these trials are the amount of RAS used
and the continuation rate. While it cannot be ascertained whether the CPS has a direct
prognostic role, it is possible that the increased use of RAASi was a factor. Future RCTs
should examine the impact of potassium binders on life outcomes.

In the present study, we also examined the effect of CPS on mortality with and without
RAASi medication, but no interaction was found, which was therefore not explanatory of
the effect of CPS on the risk of death.

A healthy diet, including at least four to five servings of fruit and vegetables per
day, is recommended in order to prevent major chronic diseases, such as cardiovascular
disease, diabetes and cancer [25,26]. Evidence from observational studies suggests an
association between higher consumption of fruit and vegetables and a 10–20% lower
risk of all-cause mortality, largely driven by reduced cardiovascular mortality [27,28].
Patients with hyperkalemia are usually on a restricted diet, including reduced fruit and
raw vegetable intake. Thus, alkaline substances intake is reduced, which may affect life
expectancy. Potassium-binding agents may therefore allow patients with CKD at risk for
hyperkalemia to receive the other benefits of a potassium-rich diet. To examine this, Na-Cl
levels were analyzed as an indicator of acidosis and found to be significantly related to life
expectancy. However, the prognosis was better in cases of acidemia (data not shown). Our
data set does not contain dietary information. Therefore, it is unclear whether the diet was
altered by CPS administration. The inability to correct for such confounding factors is a
major limitation. Thus, it is necessary to consider the possibility that CPS administration
may have contributed to the improvement in prognosis through behavioral changes, rather
than through the correction of potassium levels.

This study, while informative, has some limitations that must be considered. The
results of this study are a retrospective cohort study and caution should be exercised in
interpreting the results. Certain correlations have been reported between the results of
observational studies and RCTs using PS matching [29]. On the other hand, it has been
found that discrepancies between the results of RCTs and observational studies cannot be
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removed. This has been attributed to the lack of control over confounding in the latter.
Although some discrepancies between studies of different designs are to be expected, it
is the unpredictability of discrepancies that most undermines the reliability of the results
of observational studies and limits their application. Therefore, only an RCT can prove
whether the results of this study are truly correct. One notable limitation is that only CPS
was used as the potassium binder due to the single-center nature of the study, making it
difficult to determine the effect of SPS. CPS and SPS have different calcium content, with
SPS exchanging sodium for potassium, while CPS avoids hypervolemia by exchanging
calcium for potassium [30]. Thus, it remains unclear whether the observed prognostic effect
of CPS in this study is due to its ability to lower potassium levels or whether it is specific to
CPS itself. Another limitation of this study is the absence of data on complications, blood
pressure and causes of death, which are missing due to the limitations of the dataset. As a
result, it is not possible to conduct a detailed investigation into the causes of death in relation
to potassium binders. It is important to consider these limitations when interpreting the
findings of this study and to conduct further research to address these gaps in knowledge.

5. Conclusions

In conclusion, this study has shown that patients taking potassium chelators have
better outcomes than those not taking them. However, future studies are needed to
determine if the findings of this study are relevant to the usefulness of these agents. Our
data suggest that CKD patients with hyperkalemia should be treated with these drugs
intensively to maintain serum potassium levels in a normal range. The results of this study
are based on a cohort study and will have to be proven by RCTs in the future.
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