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Rationale & Objective: Hyperkalemia is a common
electrolyte abnormality of chronic kidney disease
and heart failure associated with increased mor-
tality and morbidity. We aimed to assess the long-
term economic burden of hyperkalemia.

Design: Observational cohort study using a Japa-
nese nationwide hospital claims database (April 1,
2008, to September 30, 2018).

Setting & Population: : Patients 18 years or older
with at least 1 serum potassium value (N =
1,208,894).

Exposures: Hyperkalemia defined with the pres-
ence of at least 2 serum potassium values ≥ 5.1
mmol/L.

Outcome Measures: Direct health care costs and
resource use in patients with hyperkalemia within
and after 12 months from first hyperkalemia
episodes.

Analytical Approach: Health care costs and
resource use were compared with propensity
score–matched or nonmatched normokalemic
controls. Multivariable regression analysis was
performed to examine factors associated with
health care costs.

Results: 27,534 patients with hyperkalemia and
233,098 normokalemic controls were studied.
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Mean ± SD age was 73±13 years in patients with
hyperkalemia; among them, 59% and 35% had
chronic kidney disease and heart failure, respec-
tively. In the propensity score–matched cohort (n =
5,859 in each group), average numbers of
hospitalizations per patient per year in patients
with hyperkalemia within and after 12 months
were 1.2 and 1.6 times higher, respectively,
compared with those in patients with
normokalemia. The total cost per patient in
patients with hyperkalemia was higher than for
controls, with mean differences of $8,611 (95%
CI, $8,046-$9,175) within 12 months and
$5,150 (95% CI, $4,733-$5,566) after 12
months. The number of repeat hyperkalemic
episodes was the factor with the strongest
association with long-term health care costs,
whereas severity of hyperkalemia was not
associated.

Limitations: This study used secondary data;
therefore, residual confounders may not be fully
excluded.

Conclusions: Hyperkalemia was associated with
significant long-term economic burden with frequent
hospitalizations due to recurrent episodes,
indicating the importance of hyperkalemia
treatment for the sake of reducing health
economic burdens and clinical complications.
Hyperkalemia, characterized as abnormally elevated
serum potassium levels, is a common electrolyte ab-

normality of chronic kidney disease (CKD), heart failure
(HF), diabetes mellitus (DM), and in patients who are
treated with renin-angiotensin-aldosterone system (RAAS)
inhibitors that is associated with increased mortality and
morbidity.1-3 Hyperkalemia is often asymptomatic but
sometimes results in muscle weakness, paralysis, life-
threatening cardiac arrhythmias, and sudden death.4

Common treatments for hyperkalemia include diet re-
striction, downtitration/discontinuation of RAAS inhibitor
treatment, use of diuretics, hemodialysis, and glucose-
insulin injection. Potassium binders have also been used
to treat both episodic and chronic hyperkalemia.4-6

However, patients often experience recurrent hyper-
kalemic episodes.7,8

Recently, hyperkalemia is increasingly recognized as a
potential marker that may reflect the general conditions of
patients.9 Studies have reported a U-shaped association
between serum potassium levels and adverse clinical out-
comes.7,10-13 In addition to the prognosis of patients,
hyperkalemia can lead to significant increases in health care
costs. Despite the substantial data for epidemiology,
practice patterns, and long-term prognoses, there is
limited information about the economic burden of
hyperkalemia. Previous studies have shown an increased
numbers of hospitalizations and emergency visits and
longer duration of hospital stays. However, evaluation of
the health care costs and resource usse was performed in
relatively short periods (eg, within 12 months), and the
long-term economic burden remains to be elucidated.14-16

Moreover, given the differences in health care systems, it is
important to assess the economic burden of hyperkalemia
in disparate regions.

In this study, we investigated long-term health care
costs and resource use in patients with hyperkalemia using
one of the largest hospital claims databases in the Japanese
health care system, in which the comprehensive health
care cost information can be captured based on the single-
insurer system. To assess hyperkalemia-associated costs,
we examined health care costs and resource use in patients
with hyperkalemia and compared that with propensity
score–matched patients with normal serum potassium
level ranges. Furthermore, we assessed contributing factors
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PLAIN-LANGUAGE SUMMARY
Hyperkalemia is a common electrolyte level abnormal-
ity associated with increased mortality and morbidity.
We conducted an observational cohort study using a
Japanese nationwide hospital claims database to assess
long-term health care costs and resource use in patients
with hyperkalemia compared with normokalemia.
Based on propensity score–matching analyses, we found
increased numbers of hospitalizations in hyperkalemic
patients, resulting in higher total health care cost per
patient by $8,611 within 12 months and $5,150 after
12 months. The number of repeat hyperkalemic epi-
sodes was the most significant factor associated with
long-term health care costs. Hyperkalemia was associ-
ated with significant long-term economic burden with
frequent hospitalizations due to recurrent episodes,
indicating the importance of hyperkalemia treatment
for the sake of reducing health economic burdens and
clinical complications.
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to the health care cost in patients with hyperkalemia to
identify the high-risk profile of patients who are likely to
incur higher health care costs.
METHODS

Data Source

The data used for this study were extracted from the
Medical Data Vision (MDV), one of the largest hospital
claims databases in Japan. MDV collects hospital claims
data with a diagnostic and procedural coding system
that includes individual drug prescriptions, procedures,
examinations, and laboratory data. Data collection
began in April 2008. As of September 2018, MDV
consisted of 25,570,000 individual patient records from
374 hospitals across all geographic regions in Japan.
MDV uses International Classification of Diseases, Tenth Revision
(ICD-10) coding.

Study Design and Patient Selection

This was a retrospective cohort study to assess health care
costs and resource use. We extracted patients 18 years and
older whose records included at least 1 serum potassium
value within the study period of April 1, 2008, to
September 30, 2018. Excluded from the analysis were
patients who could not be followed up 12 months after the
index date, patients with a cancer diagnosis, and patients
undergoing dialysis before the index date. Patients with
hyperkalemia were defined as patients who had at least 2
serum potassium values ≥ 5.1 mmol/L within the 12-
month interval during the study period, based on the
definition used in previous studies.7,17 A 12-month
Kidney Med Vol 2 | Iss 6 | November/December 2020
interval was selected for the 2 serum potassium measure-
ments to enroll patients who were likely to have persistent
hyperkalemia and were continuously treated in clinical
practice. Hyperkalemia episodes were defined as epi-
sodes with serum potassium values ≥ 5.1 mmol/L. We
also extracted patients with no record of serum potas-
sium levels ≤ 3.5 mmol/L or ≥5.1 mmol/L as normo-
kalemic controls. To assess economic burden in patients
with high-risk comorbid conditions, we extracted 4
separate cohorts of patients with hyperkalemia and
normokalemic controls from the database, overall,
chronic kidney disease (CKD), HF, and patients without
CKD/HF. The index date for patients with hyperkalemia
was set as the date of their first episode of hyperkalemia.
Normokalemic controls were followed up after their
first visit for at least 12 months from their initial hospital
record or at their first diagnosis of CKD or HF. Each
individual was followed up until their emigration from
the database, death, or the end of the study period,
whichever came first.

Covariates and Health Economic Outcomes

Subgroups of known high-risk comorbid conditions
associated with hyperkalemia, including CKD, HF, DM,
and hypertension,4,5,18 were defined using the recorded
ICD-10 codes and estimated glomerular filtration rate
(Table S1). CKD stages were categorized based on esti-
mated glomerular filtration rates. Other comorbid condi-
tions were also collected based on ICD-10 diagnoses to
calculate the Charlson Comorbidity Index score (Table S2).
Considering commonly used intervals of drug pre-
scriptions in Japanese clinical practice, information for
drug treatments was collected from 120 days before the
index date. RAAS inhibitor treatment (ie, angiotensin-
converting enzyme inhibitors, angiotensin receptor
blockers, and mineralocorticoid receptor antagonists) and
drugs for kidney diseases, including erythropoiesis-
stimulating agents (ESAs), phosphate binders, active
vitamin D, uremic toxin absorbents, sodium bicarbonate,
and potassium binders, were collected from the medical
records.

Direct health care costs and resource use within 12
months from the index date and after 12 months until the
end of patient follow-up were collected based on hospital
activity records. Health care costs for all prescriptions,
medical examinations, procedures, operations, and other
costs were summarized and described within and after 12
months. Health care costs were also summarized as cost
per hospitalization, outpatient visit, or emergency visit. All
unit costs were calculated based on the national medical
fee points table issued by the Japan’s Ministry of Health,
Labour, and Welfare for each calendar year in which the
resource use occurred. Health care costs were converted to
US dollars using Organisation for Economic Co-operation
and Development exchange rates based on purchasing-
power parities from 2017; thus, US $1 equaled 102.470
743
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Japanese yen.19 We also collected the number of all-cause
hospitalizations, rehospitalizations (defined as hospitali-
zation within 30 days from the discharge of a prior hos-
pitalization), emergency visits, and outpatient visits.
Lengths of stay per hospital admission were also assessed
for patients who had at least 1 hospitalization.

Statistical Analysis

Continuous variables were reported as mean, standard
deviation, and median. Frequency and percentage were
used to document categorical measures of interest. We
calculated 95% CIs for mean values. Patients with hyper-
kalemia were stratified by the number of hyperkalemia
episodes recorded within 12 months after their first
episode. Analyses of health care costs and resource use after
12 months were conducted by re-indexing the patient
follow-up at 12 months after the original index date.

To measure differences in health care costs and resource
use considering substantially different patient characteris-
tics, we built a propensity score–matched cohort of pa-
tients with hyperkalemia and controls. We developed a
propensity score for having hyperkalemia using these
covariates: age, sex, index year, lengths of follow-up,
prescription of RAAS inhibitor, other drugs associated
with hyperkalemia, diuretics, antidiabetic medications,
presence of comorbid conditions (including CKD stage,
HF, DM, hypertension, dyslipidemia, atrial fibrillation or
atrial flutter, valvular heart disease, acute kidney injury,
sepsis, or peripheral edema), Charlson Comorbidity Index
score, and history of hospitalization of 3 or more
consecutive days before the index date using a multivari-
able logistic regression model. Patients with hyperkalemia
were matched 1:1 with normokalemic controls based on
the developed propensity score, with a caliper width of
0.1. The validity of propensity score matching was assessed
by evaluating standardized differences of patient charac-
teristics. A standardized difference > 0.1 was considered as
a significant imbalance between the 2 groups after pro-
pensity score matching.

In addition, we performed multivariable regression
analysis using generalized linear models with gamma
distribution to assess factors associated with health care
costs in patients with hyperkalemia.20,21 Covariates
included in the model were CKD, HF, DM, hypertension,
dyslipidemia, age (ie, 18-44, 45-64, 65-74, and ≥75
years), serum potassium level (5.1-5.4, 5.5-5.9, and ≥6.0
mmol/L), Charlson Comorbidity Index score, hospital
admission at index date, history of hospitalization for 3 or
more consecutive days 12 months before the index date,
sex, use of RAAS inhibitors, and use of serum potassium-
lowering drugs including diuretics and potassium binders
for health care costs within 12 months. The number of
hyperkalemia episodes within 12 months was added to the
model after 12 months.

All statistical analyses were performed using SAS soft-
ware, version 9.4 (SAS Institute). The study followed
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STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) reporting guidelines (Item S1).
Because patient records were already anonymized and
deidentified, informed consent was not obtained. Use of
deidentified data was in accordance with local regulations.
This study was reviewed and approved by an independent
ethics committee (Clinical Research Promotion Network
Japan: 2440023).
RESULTS

We identified 74,974 patients with hyperkalemia and
469,016 normokalemic controls from the total of
1,208,894 patients who had at least 1 serum potassium
measurement. After excluding patients who could not be
followed up for 12 months (18,594 with hyperkalemia vs
158,965 controls), patients who had already undergone
dialysis by the index date (2,999 with hyperkalemia vs
148 controls), and patients who had a cancer diagnosis
during the study period (25,847 with hyperkalemia vs
76,805 controls), we included the following numbers of
patients (hyperkalemia vs controls) in each cohort: (1)
overall, 27,534 versus 233,098; (2) CKD, 16,133 versus
15,287; (3) HF, 9,674 versus 27,628; and (4) without
CKD/HF, 7,049 versus 187,012. Patient flow diagrams of
each cohort are depicted in Figure S1. Baseline character-
istics of hyperkalemic patients and controls are summa-
rized in Table 1.

Health Care Cost

Figure 1 shows inpatient and outpatient costs within and
after 12 months of follow-up in patients with hyper-
kalemia and controls. Median inpatient and outpatient
costs per visit were 1.6 and 2 times higher in patients with
hyperkalemia within 12 months (inpatient, $6,614
[interquartile range (IQR), $3,584-$12,977] vs $4,046
[IQR, $2,046-$7,699]; outpatient, $231 [IQR, $88-$380]
vs $116 [IQR, $49-$230]) and 1.5 and 2 times higher
after 12 months (inpatient, $6,072 [IQR, $3,409-
$11,434] vs $4,042 [IQR, $2,165-$7,382]; outpatient,
$253 [IQR, $141-$388] vs $130 [IQR, $57-$258]) in the
overall cohort (all P < 0.001).

Table 2 summarizes total health care costs and resource
use per patient within and after 12 months. Mean total
costs in patients with hyperkalemia and controls were
$15,683 (95% CI, $15,428-$15,938) versus $2,566 (95%
CI, $2,541-$2,591) within 12 months and $9,884 (95%
CI, $9,682-$10,085) versus $1,947 (95% CI, $1,927-
$1,967) after 12 months (both P < 0.001), respectively.
Among patients with hyperkalemia, patients with HF and/
or CKD had higher total health care costs than patients
without CKD and HF (Fig S2). Total health care costs were
the highest in the subgroup with stage 5 CKD, with a mean
of $25,006 (95% CI, $24,033-$25,980) within 12
months (Fig 2A). Total health care costs increased with the
number of hyperkalemia episodes within 12 months (Fig
Kidney Med Vol 2 | Iss 6 | November/December 2020



Table 1. Characteristics of Patients With Hyperkalemia and Normokalemic Controls

Overall CKD HF Without CKD/HF

Hyperkalemia
(N = 27,534)

Normokalemia
(N = 233,098)

Hyperkalemia
(N = 16,133)

Normokalemia
(N = 15,287)

Hyperkalemia
(N = 9,674)

Normokalemia
(N = 27,628)

Hyperkalemia
(N = 7,049)

Normokalemia
(N = 187,012)

Mean age, y 73 ± 13 60 ± 17 73 ± 13 68 ± 14 77 ± 12 69 ± 13 69 ± 15 58 ± 17
Age group
18-64 y 6,471 (24%) 125,579 (54%) 3,576 (22%) 5,288 (35%) 1,460 (15%) 8,748 (32%) 2,240 (32%) 109,102 (58%)
65-79 y 11,397 (41%) 82,505 (35%) 6,850 (42%) 6,968 (46%) 3,573 (37%) 12,738 (46%) 2,942 (42%) 61,610 (33%)
80+ y 9,666 (35%) 25,014 (11%) 5,707 (35%) 3,031 (20%) 4,641 (48%) 6,142 (22%) 1,867 (26%) 16,300 (9%)

Male sex 15,167 (55%) 107,586 (46%) 9,109 (56%) 8,617 (56%) 5,042 (52%) 15,786 (57%) 3,857 (55%) 81,797 (44%)
Length of follow-up, mo 34.8 ± 24.9 44.2 ± 23.4 37.5 ± 24.3 44.1 ± 21.9 29.8 ± 23.8 42.9 ± 25.2 33.1 ± 25.8 43.0 ± 22.4
Serum potassium at index
date, mmol/L

5.4 ± 0.5 4.2 ± 0.3 5.4 ± 0.5 4.3 ± 0.3 5.4 ± 0.5 4.2 ± 0.3 5.4 ± 0.5 4.2 ± 0.3

Serum potassium group
≥5.1-<5.5 mmol/L 19,647 (71%) 0 (0%) 11,221 (70%) 0 (0%) 6,730 (70%) 0 (0%) 5,261 (75%) 0 (0%)
≥5.5-<6.0 mmol/L 5,644 (21%) 0 (0%) 3,460 (21%) 0 (0%) 2,082 (22%) 0 (0%) 1,313 (19%) 0 (0%)
≥6.0-<6.5 mmol/L 1,346 (5%) 0 (0%) 898 (6%) 0 (0%) 508 (5%) 0 (0%) 261 (4%) 0 (0%)
≥6.5-<7.0 mmol/L 488 (2%) 0 (0%) 314 (2%) 0 (0%) 200 (2%) 0 (0%) 104 (1%) 0 (0%)
≥7.0 mmol/L 409 (1%) 0 (0%) 240 (1%) 0 (0%) 154 (2%) 0 (0%) 110 (2%) 0 (0%)

CKD 16,133 (59%) 11,898 (5%) 16,133 (100%) 15,287 (100%) 6,394 (66%) 2,827 (10%) 0 (0%) 0 (0%)
Stage 1 200 (1%) 1,086 (9%) 200 (1%) 1,173 (8%) 47 (1%) 106 (4%) 0 (0%) 0 (0%)
Stage 2 1,140 (7%) 3,821 (32%) 1,140 (7%) 4,514 (30%) 331 (5%) 674 (24%) 0 (0%) 0 (0%)
Stage 3a 2,655 (16%) 4,652 (39%) 2,655 (16%) 6,586 (43%) 975 (15%) 1,244 (44%) 0 (0%) 0 (0%)
Stage 3b 4,128 (26%) 1,815 (15%) 4,128 (26%) 2,345 (15%) 1,787 (28%) 620 (22%) 0 (0%) 0 (0%)
Stage 4 4,745 (29%) 379 (3%) 4,745 (29%) 430 (3%) 2,060 (32%) 137 (5%) 0 (0%) 0 (0%)
Stage 5 3,265 (20%) 145 (1%) 3,265 (20%) 239 (2%) 1,194 (19%) 46 (2%) 0 (0%) 0 (0%)

HF 9,674 (35%) 19,021 (8%) 6,394 (40%) 3,182 (21%) 9,674 (100%) 27,628 (100%) 0 (0%) 0 (0%)
Diabetes 11,344 (41%) 25,602 (11%) 7,717 (48%) 6,893 (45%) 4,190 (43%) 5,261 (19%) 2,163 (31%) 15,947 (9%)
Hypertension 18,105 (66%) 71,517 (31%) 12,196 (76%) 9,915 (65%) 7,582 (78%) 20,344 (74%) 3,082 (44%) 43,168 (23%)
Dyslipidemia 7,439 (27%) 32,603 (14%) 5,057 (31%) 5,360 (35%) 3,129 (32%) 9,087 (33%) 1,292 (18%) 18,997 (10%)
Charleson Comorbidity
Index score

1.1 ± 1.2 0.5 ± 0.8 1.1 ± 1.2 0.9 ± 1.0 1.3 ± 1.2 1.0 ± 1.1 1.0 ± 1.2 0.4 ± 0.7

RAASi treatment 12,102 (44%) 34,012 (15%) 8,314 (52%) 6,090 (40%) 5,793 (60%) 10,669 (39%) 1,710 (24%) 18,127 (10%)
ACEi 2,414 (9%) 4,631 (2%) 1,649 (10%) 825 (5%) 1,494 (15%) 2,091 (8%) 227 (3%) 1,945 (1%)
ARB 8,906 (32%) 29,169 (13%) 6,391 (40%) 5,254 (34%) 3,587 (37%) 8,151 (30%) 1,332 (19%) 16,272 (9%)
MRA 3,688 (13%) 2,410 (1%) 2,401 (15%) 559 (4%) 2,840 (29%) 1,851 (7%) 303 (4%) 418 (0.2%)

Thiazide diuretics 567 (2%) 1,616 (1%) 481 (3%) 349 (2%) 240 (2%) 354 (1%) 43 (1%) 811 (0.4%)
Loop diuretics 5,247 (19%) 3,020 (1%) 3,693 (23%) 756 (5%) 3,724 (38%) 2,146 (8%) 383 (5%) 380 (0.2%)
Note: Values expressed as mean ± standard deviation or number (percent).
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; HF, heart failure; MRA, mineralocorticoid receptor antagonist; RAASi, renin-angiotensin-aldosterone
system inhibitor.
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Figure 1. Inpatient and outpatient costs within and after 12 months of follow-up overall and in cohorts of chronic kidney disease
(CKD), heart failure (HF), and patients without CKD/HF diagnoses (Non-HF/CKD). (A) Inpatient and (B) outpatient cost (median).
**P < 0.001 versus normokalemia by Wilcoxon rank sum test. Abbreviations: HK, hyperkalemia; NK, normokalemia.

Kanda et al
2B). Total health care costs within 12 months in patients
with 0, 1, 2, 3, and 4 or more hyperkalemia episodes were
$9,426 (95% CI, $9,067-$9,785), $12,718 (95% CI,
$12,389-$13,048), $17,361 (95% CI, $16,747-
$17,975), $20,196 (95% CI, $19,331-$21,061), and
$32,122 (95% CI, $30,982-$33,262), respectively (P <
0.001).

Health Care Resource Use

The proportion of patients with incident hospitalizations
per patient was more than 3 times higher in patients with
hyperkalemia than controls at 46% versus 14% within 12
months (P < 0.001); after 12 months, the proportion was
2.4 times higher at 50% versus 21% (P < 0.001). Similarly,
the proportion of patients with rehospitalization and
emergency visits was higher in patients with hyperkalemia
than controls (Table 2). Proportions of patients who were
prescribed drug treatments for kidney disease (eg, ESAs,
phosphate binders, active vitamin D, uremic toxin absor-
bents, sodium bicarbonate, or potassium binders)
increased in advanced CKD stages and were significantly
higher in patients with hyperkalemia than controls
(Table S3). For example, drug costs per year for ESA in
patients with hyperkalemia and controls per patients in
each subgroup were $928 versus $686 in stage 3a, $759
versus $785 in stage 3b, $942 versus $888 in stage 4, and
$1,128 versus $701 in stage 5 CKD within 12 months, and
they were $655 versus $747 in stage 3a, $667 versus $496
in stage 3b, $854 versus $832 in stage 4, and $898 versus
$899 in stage 5 CKD after 12 months.
746
Higher health care costs were incurred from hospitali-
zation for kidney replacement therapy (KRT). The pro-
portion of patients who required hospitalization for KRT
was higher in patients with hyperkalemia than controls in
all CKD stages. When focused on patients with CKD stage 4
to 5, the cumulative health care cost per patient in patients
with hyperkalemia and patients with normokalemia within
12 months were $18,593 and $4,911, for which KRT
hospitalization cost accounted for $5,053 and $706,
respectively. Therefore, the cumulative health care cost per
patient independent of KRT hospitalization cost was still
higher in patients with hyperkalemia ($13,540) compared
with patients with normokalemia ($4,205) in CKD stages
4 to 5 patients (Fig S3).

Cost and Resource Use Differences in the

Propensity Score–Matched Cohort and Factors

Associated With Health Care Cost

Table 3 summarizes health care costs and resource use
among propensity score–matched patients with hyper-
kalemia and controls. Patient characteristics of the pro-
pensity score–matched cohort are described in Table S4;
these were well balanced between the 2 groups. Total
health care costs were higher for patients with hyper-
kalemia than controls, with mean differences of $8,611
(95% CI, $8,046-$9,175) within 12 months and $5,150
(95% CI, $4,733-$5,566) after 12 months. Mean lengths
of hospitalizations were longer among patients with
hyperkalemia by 10.3 (95% CI, 8.1-12.5) days within 12
months and 7.4 (95% CI, 5.9-8.9) days after 12 months.
Kidney Med Vol 2 | Iss 6 | November/December 2020



Table 2. Total Health Care Costs and Resource Use Within and After 12 Months of Follow-up in Patients With Hyperkalemia and Normokalemic Controls

Overall CKD HF Without CKD/HF

Hyperkalemia Normokalemia Hyperkalemia Normokalemia Hyperkalemia Normokalemia Hyperkalemia Normokalemia
Within 12 mo
N 27,534 233,098 16,133 15,287 9,674 27,628 7,049 187,012
Annual total costs per patient, $ 15,683a

(15,428-15,938)
2,566
(2,541-2,591)

16,969a

(16,621-17,316)
4,439
(4,298-4,580)

19,916a

(19,420-20,412)
5,183
(5,064-5,302)

11,418a

(11,011-11,825)
2,166
(2,142-2,190)

Annual total costs per patient, $ 7,617a

[3,119-19,733]
938
[345-2,359]

8,407a

[3,582-21,785]
2,211
[1,106-4,239]

11,147a

[4,458-25,651]
2,298
[1,082-4,712]

5,196a

[2,072-14,159]
778
[298-1,952]

Patients required hospitalization 12,531 (46%)a 32,668 (14%) 7,968 (49%)a 2,661 (17%) 5,198 (54%)a 6,746 (24%) 2,465 (35%)a 24,239 (13%)
Patients required rehospitalization 2,179 (8%)a 2,526 (1%) 1,566 (10%)a 298 (2%) 1,016 (11%)a 713 (3%) 296 (4%)a 1,665 (1%)
Patients required emergency visit 6,398 (23%)a 7,459 (3%) 3,948 (25%)a 725 (5%) 3,001 (31%)a 2,120 (8%) 1,221 (17%)a 4,964 (3%)
No. of hospitalizations per patient 1.7 ± 1.1a 1.2 ± 0.6 1.7 ± 1.2a 1.4 ± 0.8 1.7 ± 1.1a 1.4 ± 0.7 1.5 ± 0.9a 1.2 ± 0.6
No. of emergency visits per patient 1.3 ± 0.7a 1.1 ± 0.3 1.3 ± 0.7a 1.1 ± 0.4 1.3 ± 0.7a 1.1 ± 0.4 1.2 ± 0.6a 1.1 ± 0.3
No. of outpatient visits per patient 13.3 ± 15.7a 7.3 ± 7.2 14.9 ± 18.0a 9.7 ± 8.3 14.0 ± 16.5a 9.3 ± 8.1 10.5 ± 9.2a 7.0 ± 7.0
Length of hospital stay per
hospitalization, d

23.0 ± 35.3a 11.1 ± 25.7 23.4 ± 35.6a 11.6 ± 18.5 23.9 ± 33.7a 11.6 ± 32.1 21.1 ± 35.3a 10.7 ± 21.9

After 12 mo
N 22,791 232,091 14,193 15,159 7,335 27,092 5,583 186,435
Annual total costs per patient, $ 9,884a

(9,682-10,085)
1,947
(1,927-1,967)

11,980a

(11,702-12,257)
3,228
(3,115-3,340)

12,463a

(12,046-12,880)
3,165
(3,072-3,259)

4,901a

(4,630-5,172)
1,619
(1,601-1,637)

Annual total costs per patient, $ 4,335a

[1,468-11,620]
779
[269-2,079]

5,839a

[2,255-14,671]
1,823
[753-3,632]

6,105a

[2,176-15,824]
1,636
[588-3,458]

1,913a

[604-5,010]
629
[229-1,685]

Patients required hospitalization 11,390 (50%)a 48,537 (21%) 8,050 (56.7%)a 3,600 (24%) 4,250 (58%)a 7,121 (26%) 1,758 (31%)a 34,660 (18.6%)
Patients required rehospitalization 2,708 (12%)a 4,700 (2%) 2,071 (14.6%)a 414 (3%) 1,098 (15%)a 797 (3%) 298 (5%)a 3,027 (2%)
Patients required emergency visit 6,371 (28%)a 12,712 (5%) 4,558 (32.1%)a 1,115 (7%) 2,723 (37%)a 2,428 (9%) 849 (15%)a 8,025 (4%)
No. of hospitalizations per patient 1.0 ± 0.9a 0.6 ± 0.4 1.1 ± 1.0a 0.6 ± 0.5 1.2 ± 1.0a 0.6 ± 0.5 0.9 ± 0.8a 0.6 ± 0.4
No. of emergency visits per patient 0.8 ± 0.6a 0.5 ± 0.4 0.8 ± 0.6a 0.5 ± 0.4 0.9 ± 0.7a 0.5 ± 0.4 0.7 ± 0.6a 0.5 ± 0.3
No. of outpatient visits per patient 12.5 ± 21.6a 5.7 ± 5.7 15.4 ± 26.2a 7.7 ± 6.8 13.3 ± 22.6a 7.0 ± 6.6 7.4 ± 7.2a 5.3 ± 5.5
Length of hospital stay per
hospitalization, d

21.1 ± 35.0a 10.9 ± 21.8 21.0 ± 31.8a 11.7 ± 18.0 23.1 ± 38.2a 11.1 ± 19.4 19.2 ± 32.8a 10.6 ± 20.4

Note: Values expressed as mean (95% CI), median [25th-75th percentile], number (percent), or mean ± standard deviation.
Abbreviations: CKD, chronic kidney disease; HF, heart failure.
aP < 0.001 versus normokalemic control by analysis of variance for continuous variables and χ2 test or Fisher exact test for categorical variables.
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Figure 2. Cumulative health care costs stratified by chronic kidney disease (CKD) stages and number of hyperkalemic episodes
within 12 months after the first hyperkalemic episode: (A) stratification by CKD stages; (B) stratification by number of hyperkalemic
episodes within 12 months.

Table 3. Health Care Costs and Resource Use in Propensity Score–Matched Patients With Hyperkalemia and Normokalemia
Controls

Within 12 mo After 12 mo

Hyperkalemia
(N = 5,859)

Normokalemia
(N = 5,859)

Difference (95%
CI)

Hyperkalemia
(N = 5,518)

Normokalemia
(N = 5,762)

Difference (95%
CI)

Health Care Costs
Annual total costs
per patient, $

13,308 ± 19,978a 4,698 ± 9,342 8,611
(8,046 to 9,175)

8,785 ± 13,938a 3,636 ± 7,920 5,150
(4,733 to 5,566)

Hospitalization cost
per visit, $

10,972 ± 15,428a 7,544 ± 8,592 3,428
(2,578 to 4,278)

9,704 ± 13,111a 7,459 ± 8,754 2,245
(1,677 to 2,814)

Outpatient visit cost
per visit, $

305 ± 540 288 ± 570 16 (−4 to 37) 347 ± 606b 309 ± 884 37 (9 to 66)

Emergency
department cost per
visit, $

12,261 ± 13,950a 8,502 ± 7,977 3,759
(2,179 to 5,339)

11,544 ± 13,668a 9,071 ± 9,557 2,472
(1,203 to 3,741)

Health Care Resource Use
No. of
hospitalizations
per patient

1.67 ± 1.10a 1.35 ± 0.69 0.33
(0.29 to 0.36)

0.96 ± 0.98a 0.60 ± 0.48 0.36
(0.33 to 0.39)

No. of emergency
visits per patient

1.31 ± 0.68b 1.10 ± 0.32 0.20
(0.13 to 0.28)

0.69 ± 0.57 0.51 ± 0.36 0.17
(0.12 to 0.23)

No. of outpatient
visits per patient

12.8 ± 12.1a 9.9 ± 7.5 2.9
(2.6 to 3.3)

11.0 ± 13.8a 7.8 ± 6.6 3.2
(2.8 to 3.6)

Length of hospital
stay per
hospitalization, d

22.3 ± 40.9a 12.1 ± 16.1 10.3
(8.1 to 12.5)

20.3 ± 34.8a 13.0 ± 21.2 7.4
(5.9 to 8.9)

Note: Values expressed as mean ± standard deviation unless otherwise noted.
aP < 0.001 and
bP < 0.05 versus normokalemic control by generalized estimating equations for hospitalization cost per visit, outpatient visit cost, and emergency department cost per
visit and paired t test for other variables.

Kanda et al
Similarly, mean differences in numbers of hospitalizations
and emergency visits per patient per year were 0.33 (95%
CI, 0.29-0.36) and 0.20 (95% CI, 0.13-0.28) within 12
months and 0.36 (95% CI, 0.33-0.39) and 0.17 (95% CI,
0.12-0.23) after 12 months, respectively.
748
Table 4 shows factors associated with health care costs
among patients with hyperkalemia. CKD, HF, and hospital
admission at the first hyperkalemic episode were the 3
most important factors associated with health care costs
within 12 months. In addition to these factors, the number
Kidney Med Vol 2 | Iss 6 | November/December 2020



Table 4. Factors Associated With Total Health Care Costs for Patients With Hyperkalemia Within and After 12 Months

Explanatory Variables

Within 12 mo (n = 27,534) After 12 mo (n = 22,791)

Estimated β Cost Ratioa (95% CI) P Estimated β Cost Ratioa (95% CI) P
Chronic kidney disease 0.347 1.415 (1.379-1.452) <0.001 0.533 1.704 (1.641-1.770) <0.001
Heart failure 0.255 1.290 (1.255-1.326) <0.001 0.188 1.207 (1.161-1.255) <0.001
Age group
≥18-<45 y Reference Reference Reference Reference
≥45-<65 y −0.143 0.867 (0.810-0.928) <0.001 −0.254 0.776 (0.709-0.849) <0.001
≥65-<75 y −0.192 0.825 (0.771-0.883) <0.001 −0.259 0.772 (0.707-0.844) <0.001
≥75 y −0.247 0.781 (0.732-0.835) <0.001 −0.200 0.819 (0.751-0.894) <0.001

Serum potassium level
≥5.1-<5.5 mmol/L Reference Reference Reference Reference
≥5.5-<6.0 mmol/L 0.037 1.037 (1.006-1.069) 0.019 0.038 1.039 (0.995-1.084) 0.084
≥6.0 mmol/L −0.005 0.995 (0.951-1.042) 0.832 0.016 1.017 (0.947-1.091) 0.649

Charlson Comorbidity Index score 0.054 1.056 (1.044-1.067) <0.001 0.112 1.119 (1.102-1.136) <0.001
Admitted to hospital at first
hyperkalemic episodes

0.887 2.428 (2.367-2.491) <0.001 0.238 1.269 (1.222-1.317) <0.001

History of hospitalization for ≥3
consecutive d

0.142 1.153 (1.121-1.185) <0.001 0.119 1.126 (1.084-1.170) <0.001

Female sex −0.014 0.986 (0.962-1.011) 0.274 −0.042 0.959 (0.926-0.993) 0.018
Use of RAASi −0.165 0.848 (0.826-0.871) <0.001 −0.011 0.989 (0.953-1.027) 0.566
Use of any potassium-lowering
agentsb

0.146 1.157 (1.124-1.191) <0.001 0.181 1.199 (1.150-1.249) <0.001

No. of repeated hyperkalemic
episodes within 12 mo after first
hyperkalemic episode
0-1 times Reference Reference Reference Reference
2-3 times NA NA NA 0.155 1.168 (1.122-1.216) <0.001
≥4 times NA NA NA 0.581 1.787 (1.691-1.889) <0.001
Abbreviation: RAASi, renin-angiotensin-aldosterone system inhibitor.
aCost ratio indicates the effect of explanatory variables on total health care costs, which were calculated by exponential function, exp(estimated β).
bPotassium-lowering agents included thiazide diuretics, loop diuretics, potassium binders, and sodium bicarbonate.

Kanda et al
of repeated hyperkalemic episodes was the factor with the
most significant association with total health care costs
after 12 months, whereas severity of hyperkalemia was not
associated. Total health care costs in patients with CKD and
those with HF increased by 70% and 21%, respectively. In
the subgroup of patients who had 4 or more hyperkalemic
episodes within 12 months, total health care costs
increased by 79% compared with patients with 0 to 1
hyperkalemic episode (Table 4).
DISCUSSION

In this study, we evaluated the long-term clinical and
economic burden of hyperkalemia based on a large
hospital claims database. We found that health care costs
and resource use were substantially increased in patients
with hyperkalemia within 12 months and this trend
continued after 12 months, and the higher health care
cost and resource use in patients with hyperkalemia
remained after adjustment of patient characteristics by
propensity score matching. The proportion of patients
who were prescribed drug and nondrug treatments for
kidney diseases increased with the CKD stages but was
remarkably higher among patients with hyperkalemia. As
a result, expenditures for several drug classes such as
Kidney Med Vol 2 | Iss 6 | November/December 2020
ESAs and sodium bicarbonate are higher among patients
with hyperkalemia. Among these treatments, the highest
costs were incurred from hospitalization for KRT, and it
increased after 12 months. CKD, HF, and the number of
repeat hyperkalemic episodes within 12 months were
the 3 most important factors associated with higher
health care costs after 12 months, whereas severity of
hyperkalemia was not associated with higher health care
costs.

Several studies have reported the economic burden of
hyperkalemia for relatively short terms; for example, a
Danish registry study reported increased costs over 6
months after hyperkalemic episodes.14 In this study, the
hyperkalemia-associated cost was V5,077 ($5,575) in
patients with CKD and the cost was higher in patients with
HF at V6,018 ($6,609). A US study reported increased
total health care costs within 30 days and 1 year after
hyperkalemia and reported $4,128 higher 30-day costs
and $15,983 higher 1-year costs compared with patients
without hyperkalemia.15 The extent of increased costs
might be dependent on the health care systems of indi-
vidual countries. However, we found consistently higher
health care costs and resource use among patients with
hyperkalemia, and this can be largely attributed to
increased hospitalization and outpatient visit costs.
749
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Health care costs substantially increased among patients
with hyperkalemia with CKD or HF, probably because
specialized interventions and medications are required to
treat CKD or HF. Interestingly, health care costs were
substantially higher in patients with hyperkalemia than
controls even after adjusting for patient background factors
using propensity score matching, suggesting that the
hyperkalemic condition per se is associated with higher
health care costs. The cost difference was derived from the
increased hospitalization and emergency visit costs, and
these included increased medications, procedures, exami-
nations, and surgery costs. Hospitalization and emergency
visits can cause significant cost burdens for patients.
Despite variations in health care systems, several studies
have reported consistent findings regarding longer hospital
stays and higher incidence of hospitalization and emer-
gency visits.15,22 Studies are increasingly concluding that
30-day readmission, an indicator of quality of care, is an
important burden for patients and the health care econ-
omy.23 Patients with end-stage renal disease bore the
burden of high readmission rates, with 35% experiencing
readmission within 30 days of discharge.24,25 We found a
substantial increase in readmission rates in patients with
hyperkalemia with advanced CKD, suggesting that hyper-
kalemia can be a risk factor for hospital readmission. The
identified factors associated with higher health care cost
suggest the importance of preventing recurrence of
hyperkalemia regardless of the severity of first episodes.
These results may also provide a guide for identifying
patients likely to incur higher long-term health care costs
and resource use, including those who have high-risk
comorbid conditions such as CKD and/or HF or have a
history of hospitalizations.

It is important to investigate the cost-effectiveness of
maintaining normal serum potassium levels after hyper-
kalemia episodes. A recent study assessed the cost-
effectiveness of sustained serum potassium level control
and ongoing RAAS inhibitor therapy using a patient-level
simulation model in patients with CKD.26 In this study,
sustained serum potassium level control and ongoing
RAAS inhibitor therapy resulted in longer life expectancy
(by 2.36 years), delayed onset of end-stage renal disease
(by 5.4 years), quality-adjusted life-year gains (1.04 year),
and cost savings of £3,135 ($3,871) compared with the
absence of RAAS inhibitor use to prevent hyperkalemia.
Evidence of the cost-effectiveness of long-term serum
potassium level management has become increasingly
important, particularly with the recent introduction of
newer potassium-binding agents such as patiromer and
sodium zirconium cyclosilicate in clinical practice with
improved tolerability for continuous use.27 We found that
approximately half the patients with hyperkalemia with
stage 5 CKD had KRT mostly because of dialysis in-
troductions during long-term follow-ups. whereas only
10% of patients with stage 5 CKD in control required KRT.
Considering that the cost associated with KRT was the
highest among the treatments for kidney disease studied,
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these results suggest the importance of dialysis in-
troductions as a contributing factor for the long-term
clinical and economic burdens of hyperkalemic patients.
Therefore, it is also of interest to study whether continuous
hyperkalemia management can delay the introduction of
KRT and reduce health care costs.

Several limitations of this study should be noted. First,
we used hospital claims data that were not collected spe-
cifically for research purposes. Although the data allowed
the analysis of a large patient population in a broad range
of clinical settings, inherent biases and unmeasured con-
founders might exist in the data. Diagnostic and procedural
codes were recorded in routine clinical practice, so the
accuracy of the data might have varied by health care fa-
cility. However, patient records were collected systemati-
cally and electronically as part of routine clinical practice,
which helped in avoiding recall bias in collecting clinical
information. Moreover, the hospital claims data con-
tained nearly 100% of patients’ prescription information
and activity health care costs. Hence, the data allowed us
to capture sufficient information to assess patients’ eco-
nomic burden. Data were collected from 374 hospitals
across Japan, which aided in the generalizability of the
findings.

Second, we analyzed health care costs by aggregating
the activity-based costs that were actually incurred at
health care facilities. However, the Japanese health insur-
ance system uses the diagnostic procedure combination
per-diem system, in which provider reimbursement is
calculated using flat-rate per-diem fees based on the
diagnosis group.28 Therefore, the actual reimbursed costs
may have been different when this system was applied to
the results. However, findings from our study can provide
evidence of increased health care costs with fair compari-
sons based on the accumulation of activity-based costs.

Finally, because this was an observational study, the
associations found in this study cannot be directly
considered as causal relationships.

In conclusion, we report the long-term clinical and
economic burden on patients with hyperkalemia under
continuous medical care. We found significantly higher
inpatient and outpatient costs that lead to substantially
increased total health care costs in patients with
hyperkalemia within and after 12 months. Increased
hospitalizations and emergency visits contributed sub-
stantially to these increased health care costs. We
identified several contributing factors—including hos-
pital admission at the time of first hyperkalemic epi-
sodes, CKD, HF, and the number of repeated
hyperkalemic episodes—to understand the high-cost
patient profiles. Our results suggest that hyperkalemia
continues to be associated with a significant long-term
clinical and economic burden and stress the importance
of continuous management of serum potassium levels
as part of the ongoing medical care for high-risk pa-
tients with hyperkalemia to reduce the economic
burden on patients and the health care system.
Kidney Med Vol 2 | Iss 6 | November/December 2020
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