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Introduction: There are limited data on the cost of hyperkalemia.

Methods: This retrospective analysis of the Truven MarketScan claims database assessed the economic
burden of hyperkalemia among selected adult patients with hyperkalemia and matched controls.

Results: A total of 39,626 cases (patients with hyperkalemia) were matched to 39,626 controls (patients
without hyperkalemia) based on age, dialysis, chronic kidney disease (CKD) stage, heart failure, and renin-
angiotensin aldosterone system inhibitor use. Compared with controls, cases incurred $4128 (95% con-
fidence interval [Cl] $3893-$4363) higher 30-day total health care costs ($5994 vs. $1865) and $15,983 (95%
Cl $15,026-%$16,940) higher 1-year costs ($31,844 vs. $15,861). Among 11,221 matched pairs of patients
with CKD and/or heart failure, cases incurred $5553 (95% Cl $5059-$6047) higher 30-day total health care
costs ($8165 vs. $2612) and $24,133 (95% Cl $21,748-$26,518) higher 1-year costs ($48,994 vs. $24,861)
than controls. The multivariable adjusted 1-year total health care cost difference was $15,606 (95% CI
$14,648-%$16,576) among all patients and $25,156 (95% Cl $23,529-$26,757) among patients with CKD and/
or heart failure. Cases had higher resource utilization rates including inpatient admissions (30-day: 0.14 vs.
0.03; 1-year: 0.44 vs. 0.19), outpatient visits (30-day: 3.33 vs. 2.28; 1-year: 26.58 vs. 18.53), and emergency
department visits (30-day: 0.16 vs. 0.06; 1-year: 0.86 vs. 0.50) (all P < 0.001). When hospitalized, cases
stayed 1.51 days (95% CI 1.22-1.80) longer and were 40% more likely to be readmitted.

Conclusion: These data indicate that hyperkalemia is associated with a significant economic burden on
afflicted patients and the health care system.
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yperkalemia, defined as abnormally high inhibitors, angiotensin receptor blockers, and direct

serum potassium (>5.0 mEq/l), is a potentially
life-threatening acute electrolyte abnormality."
Although hyperkalemia is often asymptomatic, high
serum potassium concentrations are associated with
muscle cramps and weakness, muscle hypotonia,
dyspnea, and cardiac arrhythmias.'** °
Hyperkalemia is mainly caused by reduced renal
function and hence reduced excretion of potassium and
increased serum potassium.”” In addition to renal
insufficiency, heart failure, diabetes mellitus, hyper-
tension, and medication use are key risk factors for
hyperkalemia.” Use of renin-angiotensin-aldosterone
system inhibitors (RAASi), such as aldosterone
receptor antagonists, angiotensin-converting enzyme
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renin inhibitors, have been shown to both increase the
frequency as well as the severity of hyperkalemia.'’
Other potential mechanisms resulting in hyperkalemia
include high dietary potassium intake, acidosis, and
alterations in renal potassium handling.'"'?

Elevations in serum potassium levels have been
associated with increased mortality, especially among
elderly patients and patients with comorbidities.”'” "’
A variety of studies have shown that in patients with
cardiovascular diseases and/or chronic kidney disease
(CKD), hyperkalemia is a significant risk factor for
all-cause mortality.”" ">’

There are limited published studies characterizing
the economic burden of hyperkalemia. One study
found an increased rate of hospital admissions associ-
ated with hyperkalemia among patients with cardio-
vascular diseases, such as heart failure and CKD.” A
study by Dunn et al.'® in 2011 identified a mean
inpatient cost of $24,178 per episode and an average
length of stay of 3.2 days among patients admitted from
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emergency departments to hospitals for elevated
potassium levels. However, this study analyzed only
those hospitalizations in which hyperkalemia was the
primary diagnosis; this was only a small fraction of the
total number of hospitalizations in which hyperkalemia
was diagnosed. Furthermore, this study did not assess
how hyperkalemia affected the frequency of hospital-
izations, the resource intensity of the hospitalizations,
or the effect on outpatient costs. A study by Chazard
et al.'” analyzed a sample of hospitalizations in France
and concluded that hyperkalemia led to an increase in
lengths of stay by 2.3 to 4.6 days.

The objectives of the present study were to assess
the health care costs and resource utilization for
patients with hyperkalemia in comparison with those
of patients without hyperkalemia, while matching (and
adjusting for) a wide range of factors, including
comorbidities, treatments, and demographics. These
analyses were conducted for the overall patient popu-
lation as well as for specific patient subgroups defined
by hyperkalemia-related comorbidities, such as
patients with heart failure and/or CKD.

METHODS

Data Source

This study was a retrospective analysis of the Truven
MarketScan claims and encounters research database
with the MarketScan laboratory database (January 1,
2010, to December 31, 2014). The MarketScan claims
and encounters research database captures the medical
experience of insured persons and their dependents for
active employees, early retirees, consolidated omnibus
budget reconciliation act (COBRA) beneficiaries, and
Medicare-eligible retirees with employer-provided
Medicare Supplemental plans. The database includes
enrollment history and claims for medical (provider
and institutional) and pharmacy services. The
MarketScan laboratory database clinically enriches the
medical and prescription drug data for a subset of
patients in the MarketScan databases by linking
patients’ claims data with predominately outpatient
laboratory test results.

Sample Selection

Adult patients with hyperkalemia (cases) and patients
without hyperkalemia (controls) were selected.
Hyperkalemia cases were identified as adult patients
with at least 2 laboratory tests (a second positive test
was required to avoid inclusion of patients with
elevated potassium due to testing errors, e.g., hemo-
lysis) indicating hyperkalemia (serum potassium >5.0
mEq/l) or at least 1 diagnosis code corresponding to
hyperkalemia (276.7) or at least 1 prescription fill of
sodium polystyrene sulfonate (the only treatment
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indicted for hyperkalemia at the time of the study).
Controls were identified as adult patients with at least 1
potassium laboratory test available and without any
laboratory tests >5.0 mEq/], any diagnosis codes cor-
responding to hyperkalemia, or any prescription fills of
sodium polystyrene sulfonate. Both cases and controls
were required to be continuously enrolled in their
health care plan for at least 12 months after the index
date (study period) and at least 6 months before the
index date (baseline period). For cases, all claim dates
indicating hyperkalemia were defined as potential
index dates; for controls, all claims dates were defined
as potential index dates. If a patient had multiple
potential index dates that met all the inclusion criteria,
the index date used for the purposes of the study was
randomly selected from the eligible potential index
dates. This method is superior to just selecting the first
such potential index event and date because use of the
first event/date would lead to a sample overly
composed of early-stage disease events rather than the
full disease process. The objective of this study was to
describe costs through all stages of the disease, so
events were selected from the entire disease spectrum.

Among all eligible potential controls, controls were
randomly selected to exactly match one-to-one to cases
on age group (18-64 or 65+ years), dialysis treatment,
CKD stage (stage 3, stage 4, stage 5, and unspecified
CKD stage), heart failure, and RAASi use.

Identification of Comorbidities

Comorbidities, including dialysis treatment, CKD, heart
failure, type 2 diabetes, and hypertension were iden-
tified. CKD was identified by diagnosis code or esti-
mated glomerular filtration rate (eGFR)
indicating stage 3 to 5 CKD categorized as follows: stage
3 CKD was defined as having a CKD stage 3 diagnosis
code (585.3) or an eGFR between 30 and 59 ml/min;
stage 4 CKD was defined as having a CKD stage 4
diagnosis code (585.4) or an eGFR between 15 and 29
ml/min; stage 5 CKD was defined as having a CKD stage
5 or end-stage diagnosis code (403 except for 403.x0,
404 except for 404.x1, 585.5, and 585.6), or an eGFR
below 15 ml/min. The unspecified CKD stage group
included patients with an International Classification of
Diseases, Ninth Revision, Clinical Modification diagnosis
code for unspecified CKD (585.9, 403.x0, 404.x0, and
404.x1), without International Classification of Diseases,
Ninth Revision, Clinical Modification diagnosis code for
CKD stage, without eGFR results, and without dialysis.
Where there was inconsistency regarding CKD stage
across different indicators, the most severe stage among
these 3 indicators was used to define the CKD stage of a
patient. Dialysis patients and patients with CKD were
mutually exclusive, and dialysis treatment was
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identified using procedure codes. Heart failure, dia-
betes, and hypertension were identified via Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification diagnosis codes.”

Statistical Analyses

Patient Characteristics

Patient characteristics were measured during the
6-month baseline period. The characteristics included
(i) patient demographic characteristics reported on the
index date, including age, gender, region, insurance
type, and place of service for the index event; (ii) co-
morbidity profile, including hyperkalemia-related
comorbidities, such as CKD, diabetes, heart failure,
and hypertension, and the Charlson comorbidity index
(CCI)*'; and (iii) medication use, including the use of
RAASi and sodium polystyrene sulfonate. Patient
characteristics were compared between cases and con-
trols using unadjusted generalized estimating equation
models, which was used to account for the correlation
between cases and controls due to matching.

Health Care Resource Utilization

Health care resource utilization was calculated within
30 days and within 1 year of the index date and
compared between cases and controls. Among all
patients, number of all-cause inpatient admissions,
outpatient visits, and emergency department visits;
presence of at least 1 inpatient admission, outpatient
visit, and emergency department visit; and number of
inpatient days were evaluated.

Among patients who had at least 1 inpatient
admission, the length of stay per inpatient admission
and the number of inpatient days per patient were
assessed. In addition, 30-, 60-, and 90-day inpatient
readmission rates were assessed for hospitalizations
within 275 days of the index date (primary hospitali-
zations). The 275-day cutoff was chosen so that read-
mission within 90 days could be fully observed for all
primary hospitalizations. Both the average number of
inpatient re-admissions within 30, 60, and 90 days of
the discharge date of each primary hospitalization and
the number of hospitalizations with at least 1 inpatient
readmission within 30, 60, and 90 days were calculated
by averaging across all primary hospitalizations.

Health care resource utilization was compared
between cases and controls using paired t-tests for
continuous variables and McNemar tests for categorical
variables; 95% confidence intervals (CIs) were calcu-
lated for the differences in mean health care resource
utilization measures between cases and controls.

Health Care Costs
During the 1-year study period, all-cause health care
costs were described both within 30 days and 1 year of
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the index date and compared between cases and con-
trols. All-cause health care costs included medical costs
(inpatient, outpatient, and emergency department) as
well as pharmacy costs.

For the primary analysis, paired t-tests were used to
compare all-cause health care costs between cases and
controls; 95% CIs were calculated for the cost differ-
ences between cases and controls.

To assess the robustness of the results of the primary
analyses, secondary analyses based on multivariable
regression analysis using generalized linear models
with gamma distribution was performed.”” ** The
covariates included in the generalized linear models
were diabetes, hypertension, CKD stage (stage 3, stage
4, stage 5, and unspecified stage), dialysis treatment,
heart failure, RAASI use, age groups (<45, 45-54, 55—
64, 65-74, and =75), gender, and CCI. Generalized
estimating equations were used to account for the
correlation between cases and controls due to match-
ing; 95% CIs and P values were obtained using a
bootstrap approach with 1000 replications.

Health Care Costs in Patient Subgroups

All-cause health care costs were also described and
compared between cases and controls among patient
subgroups defined by hyperkalemia-related comor-
bidities. The subgroups considered included patients
with heart failure or CKD, patients with CKD stage 5,
patients with CKD stage 4, patients with CKD stage 3,
patients with unspecified CKD stage, patients on dial-
ysis, patients with heart failure, patients with diabetes,
patients with hypertension, and patients without the
aforementioned comorbidities.

All-cause health care costs were compared between
cases and controls within each patient subgroup using
paired t-tests; 95% CIs were calculated for the cost
differences between cases and controls within each
patient subgroup. Again, as secondary analyses,
adjusted costs were described and compared between
cases and controls in each patient subgroup. Simi-
larly, generalized estimating equations were used to
account for the correlation between cases and controls
due to matching; 95% CIs and P values were also
obtained using a bootstrap-based approach (1000
replications).

Sensitivity Analyses

As a sensitivity analysis, propensity score matching
was performed. The propensity score (the likelihood of
having hyperkalemia conditional on the baseline
characteristics) was estimated via logistic regression.
The baseline characteristics considered included age,
sex, region, insurance type, diabetes, hypertension,
CKD stage, dialysis treatment, heart failure, RAASI
use, and CCI. Cases and controls were then matched
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one-to-one within strata of the propensity score.
Unadjusted and adjusted 30-day and I-year total
all-cause health care costs were compared between the
propensity score—matched cases and controls.

RESULTS

Patient Characteristics

A total of 39,626 patients with hyperkalemia were
identified and exactly matched to an equal number of
controls (Figure 1). During the baseline period, cases
were significantly older (59.71 vs. 56.49 years) and a
greater proportion were men (53.29% vs. 45.55%)
compared with controls (both P < 0.001). The prev-
alence of diabetes (36.13% vs. 23.00%) and hyper-
tension (57.05% vs. 51.10%) was also significantly
higher in cases compared with controls (both
P < 0.001). Additionally, the CCI was significantly
greater in cases compared with controls (1.70 vs. 1.19;
P < 0.001). Dialysis treatment, CKD stage, heart fail-
ure, and RAASi use were exactly balanced as a result
of the matching; 1.65% of patients (cases and con-
trols) had dialysis treatment, 24.28% of patients had
CKD, 9.56% had heart failure, and 50.79% had used
RAASi. The distributions by region and health in-
surance type were largely similar between cases and
controls (Table 1).

KA Betts et al.: Cost of Hyperkalemia in the US

Health Care Resource Utilization

Within the first 30 days of the study period, cases had
significantly higher numbers of inpatient admissions
(0.14 vs. 0.03), outpatient visits (3.33 vs. 2.28), emer-
gency department visits (0.16 vs. 0.06), and inpatient
days (1.03 vs. 0.14 days) compared with controls (all
P < 0.001). More cases had at least 1 inpatient admis-
sion (12.69% vs. 2.67%), outpatient visit (94.60% vs.
76.77%), and emergency department visit (12.71% vs.
4.92%) compared with controls (all P < 0.001)
(Table 2).

Similarly, within the full year of the study period,
cases had significantly higher numbers of inpatient
admissions (0.44 vs. 0.19), outpatient visits (26.58 vs.
18.53), emergency department visits (0.86 vs. 0.50), and
inpatient days (3.63 vs. 1.28 days) compared with
controls (all P < 0.001). More cases had at least 1
inpatient admission (26.10% vs. 13.53%), outpatient
visit (99.58% vs. 97.09%), and emergency department
visit (35.22% vs. 25.55%) compared with controls (all
P < 0.001) (Table 2).

A total of 10,341 cases and 5360 controls had at least
1 inpatient admission during the 1-year study period.
The total numbers of inpatient admissions were 17,392
and 7490 episodes for cases and controls, respectively.
The average length of stay per inpatient admission was
1.51 (95% CI 1.22-1.80) days longer for cases than

Patients with at least 1 potassium laboratory result available
n=2,862,717

Patients with hyperkalemia

Patients with 22 potassium laboratory tests? >5.0 mEq/I on different dates OR = 1 diagnosis
code of hyperkalemia [ICD-9-CM 276.7] OR 21 prescription fill of sodium polystyrene
sulfonate. All claim dates of hyperkalemia laboratory tests and claim dates were defined as
potetial index dates.

n=69,977

Patients with at least 12-month continuous enrollment after potential index dates and 6-
month continuous enroliment before potential index dates

n =40,331

Patients who were at least 18 years old as of the potential index dates

n=39,878

Cases matched 1:1 to controls®®
n = 39,626

Patients without hyperkalemia

Patients with no potassium laboratory tests? >5.0 mEq/l AND no claim with hyperkalemia
diagnosis code [ICD-9-CM 276.7] AND no prescription fill of sodium polystyrene
sulfonate. All claim dates were defined as potetial index dates.

n = 2,642,963

Patients with at least 12-month continuous enrollment after potential index dates and 6-|
month continuous enroliment before potential index dates

n=1,890,213

Patients who were at least 18 years old as of the potential index dates

n=1,789,935

Randomly selected controls 1:1 matched to cases®®
n = 39,626

Figure 1. Sample selection. ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification. ®Potassium laboratory tests
were identified in MarketScan laboratory database based on the Logical Observation Identifiers Names and Code 2823-3. °If a patient had
multiple potential index dates that met all of the inclusion criteria, the index date was randomly selected from the eligible potential index dates.
Controls were randomly selected among eligible controls to exactly match 1:1 to cases on age group (18-64 or 65+ years), renin-angiotensin-
aldosterone system inhibitors use, dialysis treatment, chronic kidney disease stage (stage 3, stage 4, stage 5, and unspecified stage), and heart

failure.
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Table 1. Baseline characteristics of patients with hyperkalemia and
patients without hyperkalemia

Patients with  Patients without
hyperkalemia  hyperkalemia

Patient characteristics® n=39626 n= 39626 P

Demographics
Age, mean (SD)
Gender, n (%)

59.71 (13.27) 56.49 (15.58) <0.001*
<0.001*

Female

Male

Region, n (%)

Northeast

North central

South

West

Unknown

Health insurance type, n (%)

Basic/Major medical

Comprehensive

Exclusive provider organization

Health maintenance organization

Non-capitated point-of-service

Preferred provider organization

Capitated or partially capifated
point-of-service

Consumer-driven health plan

Health deductible health plan

Unknown

Place of service on the

index date, n (%)
Inpatient

Outpatient

Emergency department
Pharmacy

Laboratory

18,511 (46.71) 21,576 (54.45)
21,115 (53.29) 18,050 (45.55)
<0.001*
8951 (22.59) 7928 (20.01)
8766 (22.12) 8629 (21.78)
16,265 (41.05) 16,305 (41.15)
5642 (14.24) 6762 (17.06)

2 (0.01) 2 (0.01)
<0.001*
0 (0.00) 0 (0.00)
5836 (14.73) 4804 (12.12)
665 (1.68) 625 (1.58)
13,472 (34.00) 11,428 (28.84)
3191 (8.05) 2687 (6.78)
13,417 (33.86) 17,702 (44.67)
295 (0.74) 121 (0.31)
671 (1.69) 660 (1.67)
489 (1.23) 426 (1.08)
1590 (4.01) 1173 (2.96)
3785 (9.55) 383 (0.97) <0.001*

30,380 (76.67) 20,804 (52.50) <0.001*
3132 (7.90) 649 (1.64) <0.001*
6523 (16.46) 22,077 (65.71) <0.001*

26,320 (66.42) 1988 (6.02) <0.001*

Disease characteristics
Hyperkalemia-related comorbidities, n (%)

Chronic kidney disease (CKD) 9620 (24.28) 9620 (24.28) -

CKD stage 3 5795 (14.62) 5795 (14.62)

CKD stage 4 1903 (4.80) 1903 (4.80)

CKD stage 5 (including end sfage) 1191 (3.01) 1191 (3.01)

CKD stage unknown/unspecified 731 (1.84) 731 (1.84)
Diabetes 14,318 (36.13) 9114 (23.00) <0.001*
Dialysis treatment 654 (1.65) 654 (1.65) -
Heart failure 3789 (9.56) 3789 (9.56) -

Hypertension
Charlson comorbidity index, mean (SD)
Medication use
Renin-angiotensin-aldosterone system

inhibitors use, n (%)

Aldosterone receptor antagonists

Angiofensin-converfing
enzyme inhibifors

Angiotensin recepfor blockers
Direct renin inhibitors
Sodium polystyrene sulfonate, n (%)

22,605 (57.05) 20,249 (51.10) <0.001*
170 2.04)  1.19(1.78) <0.001*

20,128 (50.79) 20,128 (50.79) -

1939 (4.89) 1077 (2.72) <0.001*
13,649 (34.44) 12,247 (30.91) <0.001*

6637 (16.75) 7951 (20.07) <0.001*
344 (0.87) 311 (0.78) 0.194
833 (2.10) 0 (0.00) =

ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
?Demographics were measured on the index date. Disease characteristics and medi-
cation use were measured during the 6-month period before index date. Cases and
controls were matched exactly 1:1 on age group (18-64 or 65+ years), renin-
angiotensin-aldosterone system inhibitors use, dialysis treatment, CKD stage (stage 3,
stage 4, stage 5, and unspecified stage), and heart failure.

*P < 0.05. Pvalues were estimated using generalized estimating equation models. Dash
indicates that no P values were available because the patient characteristics were
matched or there was a zero count in at least 1 of the cohorts.
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controls (8.28 vs. 6.77 days) and the mean number of
inpatient days per patient who was hospitalized in the
l-year study period was 4.46 (95% CI 3.86-5.06) days
longer for cases compared with controls (13.93 vs. 9.46
days) (both P < 0.001) (Table 3).

There were a total of 13,895 and 5556 primary hos-
pitalizations within 275 days of the index date for cases
and controls, respectively. Relative readmission rates
were at least 40.12% higher for patients with hyper-
kalemia compared with patients without hyperkalemia,
with absolute differences of 4.34% (95% CI 3.37%—
5.32%), 5.96% (95% CI 4.81%—7.11%), and 7.69%
(95% CI 6.42%—8.96%) within 30, 60, and 90 days,
respectively (30-day: 14.21% vs. 9.86%; 60-day:
20.71% vs. 14.74%; 90-day: 26.86% vs. 19.17%) (all
P < 0.001) (Table 4).

Health Care Costs

For the 30-day study period, cases incurred $4128
(95% CI $3893-$4363) higher total health care costs
compared with controls ($5994 vs. $1865, P < 0.001).
Costs were higher for each cost category including
inpatient, emergency department, outpatient, and
pharmacy (all P < 0.001). Within the full year of
the study period, cases incurred $15,983 (95% CI
$15,026-$16,940) higher total health care costs
compared with controls ($31,844 vs. §15,861,
P < 0.001). Again, costs were higher across all 4 cat-
egories (all P < 0.001) (see more details in Figure 2).

The secondary multivariable regression analyses
yielded largely similar results. Cases incurred $4289
(95% CI $4027—-$4549) higher total health care costs
compared with controls ($6347 vs. $2057) during the
30-day period and incurred $15,606 (95% CI $14,648—
$16,576) higher total costs compared with controls
(833,715 vs. $18,109) during the l-year period. Both
comparisons were statistically significant (both
P < 0.001).

In the sensitivity analyses using propensity score
matching instead of exact matching, cases incurred
$4070 (95% CI $3824-$4315) higher total health care
costs compared with controls ($6014 vs. $1945,
P < 0.001) during the 30-day period and $14,924 (95%
CI $13,943-$15,904) higher total health care costs
compared with controls ($31,719 vs. $16,795,
P < 0.001) during the 1-year period. Multivariable
regression analyses results remained largely similar:
cases incurred $4591 (95% CI $4312-$84903) higher
total health care costs compared with controls ($6695
vs. $2104, P < 0.001) during the 30-day and $16,326
(95% CI $15,273—$17,433) higher total health care
costs compared with controls ($35,078 vs. $18,753,
P < 0.001) during the 1-year period.
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Table 2. Comparison of all-cause health care resource utilization of between patients with hyperkalemia and patients without hyperkalemia
within 30 days and one year of the index date

Resource utilization within 30 days

Resource utilization within 1 year

Patients with Patients without Patients with Patients without

hyperkalemia hyperkalemia Difference hyperkalemia hyperkalemia Difference

Resource utilization n = 39,626 n = 39,626 (95% ClI) n = 39,626 n = 39,626 (95% ClI)
Number of all-cause health care visits,

mean (SD)

Inpatient admissions 0.14 (0.37) 0.03 (0.17) 0.11 (0.10-0.11)* 0.44 (0.99) 0.19 (0.59) 0.25 (0.24-0.26)*

Oufpatient visits 3.33 (3.33) 2.28 (3.01) 1.06 (1.01-1.10)* 26.58 (31.30) 18.53 (25.65) 8.05 (7.65-8.44)*

Emergency deparfment visits 0.16 (0.49) 0.06 (0.32) 0.10 (0.09-0.11)* 0.86 (2.29) 0.50 (1.61) 0.36 (0.33-0.38)*
Inpatient days per patient, mean (SD) 1.03 (3.71) 0.14 (1.20) 0.89 (0.856-0.93)* 3.63 (12.88) 1.28 (6.63) 2.35 (2.21-2.50)*
Presence of at least 1 all-cause health

care visit, %, mean (SD)

Inpatient admissions 12.69 (33.28) 2.67 (16.11) 10.02 (9.66-10.39)* 26.10 (43.92) 13.53 (34.20) 12.57 (12.02-13.12)*

Outpatient visits 94.60 (22.61) 76.77 (42.23) 17.83 (17.36-18.30)* 99.58 (6.46) 97.09 (16.82) 2.50 (2.32-2.67)*

Emergency department visits 12.71 (33.31) 4.92 (21.64) 7.79 (7.39-8.18)* 35.22 (47.77) 25.55 (43.61) 9.67 (9.03-10.30)*

Cl, confidence interval.

Health care resource utilization was measured within 30 days and within 1 year of the index date.
*P < 0.05. P values were computed using paired t-tests for continuous variables and McNemar tests for categorical variables.

Health Care Costs in Patient Subgroups

Among all subgroups, patients with hyperkalemia
incurred higher costs over both 30 days and 1 year (all
P < 0.001) (Table 5). Patients with CKD stage 5 (not on
dialysis) had the largest cost difference of $9685 (95%
CI $7042-$12,328) within 30 days and $52,795 (95% CI
$40,232-$65,357) within 1 year between cases and the
matched controls (both P < 0.001) (Table 5).

A total of 11,221 pairs of patients had CKD and/or
heart failure. Compared with controls, cases incurred
$5553 (95% CI $5059-$6047) higher all-cause health
care costs within 30 days ($8165 vs. $2612) and $24,133
(95% CI $21,748-$26,518) higher all-cause health care
costs within 1 year of the index date ($48,994 vs.
$24,861) (Table 5).

After adjusting for baseline characteristics via multi-
variable regression analysis, there remained a significant
economic burden associated with hyperkalemia among
patient subgroups. For example, in patients with CKD
and/or heart failure, cases incurred $6062 (95% CI $5680—

Table 3. Comparison of length of stay between patients with
hyperkalemia and patients without hyperkalemia within 1 year of the
index date

Mean difference
Mean (95% CI)

Patients with Patients without

Inpatient admission outcomes  hyperkalemia  hyperkalemia

Number of fotal 17,392 7490
inpatient admissions

Length of stay per inpatient 8.28 (12.85) 6.77 (9.60) 1.51 (1.22-1.80)*
admission, mean (SD)

Number of patients with at 10,341 5360

least 1 inpatient admission

Inpatient days per patient with
at least 1 inpatient admission,
mean (SD)

13.93 (22.19) 9.46 (15.73) 4.46 (3.86-5.06)"

Cl, confidence interval.

Patients with at least 1 inpatient admission were included in the analysis. Inpatient
admissions within 1 year of the index date were included in the analysis.

*P < 0.05. P values were computed using t-tests.
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$6484) higher total health care costs compared with con-
trols ($8969 vs. $2907) during the 30-day period (P <
0.001) and incurred $25,156 (95% CI $23,529-$26,757)
higher total costs compared with controls ($54,347 vs.
$29,191) during the 1-year period (P < 0.001).

In conclusion, hyperkalemia is a common complica-
tion of patients with impaired renal function. Patients
with heart failure or diabetes are also at increased risk of
hyperkalemia.18 By some estimates, heart failure, dia-
betes, and kidney disease altogether impose an approx-
imate $250 billion burden on society in the United
States.”” *’ Given that hyperkalemia is closely associated
with these chronic diseases and that it can result in
increased risk of mortality, it is important to understand
to what extent hyperkalemia contributes to this signifi-
cant burden. This study provides an important piece of
real-word evidence to this knowledge gap.

In this study, a large US claims database (augmented
with laboratory data) was used to assess the cost and
health care resource utilization of hyperkalemia in the
general population as well as in patient subgroups
defined by hyperkalemia-related comorbidities, such as
heart failure and CKD. Results of these analyses indi-
cated that patients with hyperkalemia had substan-
tially higher health care costs and utilization compared
with matched controls both in the overall patient
population and in patient subgroups. In addition,
among those who had at least 1 inpatient admission,
patients with hyperkalemia had longer lengths of stay
and higher hospital readmission rates compared with
controls.

The current study found that patients with hyper-
kalemia visited hospitals about twice as frequently as
patients without hyperkalemia (in both the 30-day and
l-year periods), and incurred 2 to 3 times all-cause
health care costs of the patients without

Kidney International Reports (2018) 3, 385-393
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Table 4. Comparison of inpatient readmissions® between patients with hyperkalemia and patients without hyperkalemia

Patients with hyperkalemia® Patients without hyperkalemia®

Inpatient readmission outcomes n = 13,895 n = 5556 Difference (95% CI)
Presence of at least 1 inpatient readmission per hospifalization,® %, mean (SD)
Within 30 days of the discharge date of each hospitalization 14.21 (34.91) 9.86 (29.82) 4.34 (3.37-6.32)*

Within 60 days of the discharge date of each hospitalization
Within 90 days of the discharge date of each hospitalization
Number of inpatient readmissions per hospitalization,” mean (SD)

20.71 (40.52)
26.86 (44.32)

14.74 (35.45)
19.17 (39.36)

5.96 (4.81-7.11)*
7.69 (6.42-8.96)*

Within 30 days of the discharge date of each hospitalization 0.17 (0.44) 0.12 (0.37) 0.05 (0.04-0.06)*
Within 60 days of the discharge date of each hospitalization 0.29 (0.66) 0.20 (0.56) 0.09 (0.07-0.11)*
Within 90 days of the discharge date of each hospitalization 0.42 (0.86) 0.29 (0.74) 0.13 (0.11-0.16)*

Cl, confidence interval.
#Hospitalizations within 275 days (365 — 90 = 275) of the index date were included in the analysis as the primary hospitalizations to ensure that readmissions within 90 days can be fully

observed. All hospitalizations within the 1-year study period were considered as potential re-admissions.
®The “n” represented number of primary hospitalizations among patients with hyperkalemia and patients without hyperkalemia.
*P < 0.05. P values were computed using t-tests for continuous variables and %2 tests for categorical variables.

hyperkalemia. According to our analyses, in every
comorbidity-defined subgroup, patients with hyper-
kalemia incurred higher costs compared with matched
patients without hyperkalemia. All of these results were
robust, as cost differences remained largely unchanged
in multivariable regression analyses. In addition,
sensitivity analyses showed that results remained
unchanged after matching on propensity score.
Increased inpatient admissions was the primary
driver of the cost differences associated with hyper-
kalemia and comprised 67.34% of the cost in the
short-term and 44.62% in the long-term. In particular,
we identified 0.44 episodes of all-cause inpatient
admissions and an inpatient cost of $14,207 during the
l-year post hyperkalemia event, which resulted in a
mean all-cause inpatient cost of $35,518 per inpatient
stay. This finding is consistent with the existing liter-
ature that hyperkalemia is associated with substantial
inpatient cost. Dunn et al.'® reported that the average
inpatient cost was $24,178 in 2011 USD (equal to
$26,986 2015 USD) for inpatient admissions due to

m Inpatient admission = Outpatient visit = Emergency department visit = Pharmacy

$7000
$6000
$5000
$4000
$3000
$2000 $4036 (67.3%)

$1000

$600 (32.2%)

$0

Patients with hyperkalemia Patients without hyperkalemia

Cost within 30 days

hyperkalemia. In addition, our study found that the
mean length of stay per hospitalization was approxi-
mately 1.51 days longer for patients with hyperkalemia
compared with patients without hyperkalemia.
Furthermore, inpatient readmission rates were consis-
tently higher among patients with hyperkalemia
compared with patients without hyperkalemia for
30-, 60-, and 90-day inpatient readmission.

Although the findings were robust, the study had
some limitations: (i) Comorbidities were identified us-
ing International Classification of Diseases, Ninth Revi-
sion, Clinical Modification codes, which are used for
administrative purposes; as a result, certain comor-
bidities may be underestimated. (ii) Race was not
available from the MarketScan database and therefore
could not be matched or adjusted in the analysis. (iii)
The identification of hyperkalemia depended in part on
the availability of serum potassium laboratory tests,
which were performed by physicians’ request (in many
cases done a few times a year or less). These available
laboratory tests may not have accurately and fully

= Inpatient admission = Outpatient visit = Emergency department visit = Pharmacy
$35,000
$31,844

$30,000
$25,000
$20,000
$15,861

$15,000

$10,000

$14,207 (44.6%)

$5000

$4914 (31.0%)

$0

Patients with hyperkalemia Patients without hyperkalemia

Cost within 1 year

Figure 2. Comparison of all-cause health care costs of patients with hyperkalemia versus matched patients without hyperkalemia.
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Table 5. Comparison of all-cause total health care costs of matched patients with hyperkalemia and patients without hyperkalemia within 30

days and within 1 year of the index date by subgroup

Costs within 30 days

Costs within 1 year

All patients

All patients

Patients with  Patients without
Number hyperkalemia  hyperkalemia

Patients with  Patients without
Number hyperkalemia  hyperkalemia

Patient subgroup of pairs Mean Mean Difference (95% CI) of pairs Mean Mean Difference (95% CI)
Patients with CKD® and/or 11,221 $8165 $2612 $5553 ($5059-$6047)* 11,221 $48,994 $24,861 $24,133 ($21,748-$26,518)*
heart failure
Patients with CKD® 9620 §7324 $2541 $4783 ($4227-$5339)* 9620 $46,483 $24,625 $21,857 ($20,079-$23,635)*
Patients with CKD sfage 5° 1191 $13,683 $3998 $9685 ($7042-$12,328)* 1191 $99,616 $46,821 $52,795 ($40,232-$65,357)*
Patients with CKD sfage 4° 1903 $6748 $3019 $3730 ($2825-$4634)* 1903 $45,911 $29,175 $16,736 ($11,543-521,929)*
Patients with CKD sfage 3° 5795 $5996 $2116 $3880 ($3339-$4420)* 5795 $35,592 $19,118 $16,474 (S14,026-518,922)*
Patients with unspecified 731 $8994 $2289 $6706 ($4990-$8421)* 731 $47,736 $20,277 $27,459 ($20,997-$33,922)*
CKD stage”
Patients with dialysis treafment 654 $22,942 $15,959 $6983 ($2845-511,120)* 654 $155,346 $130,249 $25,097 ($8,209-541,986)*
Patients with heart failure 3789 $12,718 $4391 $8327 ($7172-$9482)* 3789 $69,211 $39,637 $29,574 ($24,183-$34,965)*
Patients with diabefes 14,318 $6951 $2181 $4770 ($4392-$5148)* 14,318  $40,995 $20,338 $20,657 ($18,881-$22,433)*
Patients with hypertension 22,605 $6961 $2255 $4706 ($4375-$5038)* 22,605  $38,567 $19,911 $18,655 ($17,239-$20,071)*
Other patients 12,384 $4079 $1158 $2921 ($2576-$3266)* 12,384  $18,082 $8656 $9426 ($8294-$10,558)*

Cl, confidence interval; CKD, chronic kidney disease.

2CKD and CKD stage were identified using International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis codes, and estimated glomerular filtration rate (eGFR).
CKD was identified via diagnosis code or eGFR results indicating stage 3-5 CKD categorized as follows: stage 3 CKD was defined as having a CKD stage 3 diagnosis code (585.3) or an
eGFR between 30 and 59 mi/min; stage 4 CKD was defined as having a CKD stage 4 diagnosis code (585.4) or an eGFR between 15 and 29 mi/min; stage 5 CKD was defined as having a
CKD stage 5 or end-stage diagnosis code (403 except for 403.x0, 404 except for 404.x1, 585.5, 585.6), or an eGFR below 15 ml/min. The CKD subgroup excluded patients who had dialysis.
Patients who had dialysis were in a subgroup that was mutually exclusive with the CKD subgroup.

*P < 0.05. P values were computed using paired t-tests.

reflected a given patient’s serum potassium level
throughout the year. (iv) It is possible that some lab-
oratory tests performed were not present in the claims
data. For emergency
departments or hospitals would not be included with
the laboratories here (although such patients may very
well be included in our sample via use of the diagnosis
code from hospitalizations or emergency department
visits for hyperkalemia). (v) The study population was
limited to patients with available serum potassium
laboratory tests and may not be generalizable to a
population without such laboratory tests. Specifically,
potassium laboratory tests may be driven by patient
symptoms; therefore, the prevalence of hyperkalemia
may be overestimated. However, the potassium test is
part of the regular laboratory panel, so the bias is likely
to be small.

This study also has a number of strengths: (i) The
study benefited from the large sample size (approxi-
mately 40,000 hyperkalemia patients) of the adminis-
trative database representative of the US commercially
insured population. (ii) To identify hyperkalemia
via laboratory testing, this study required at least 2
laboratory tests with a serum potassium level >5.0
mEq/l, reducing the risk of false positives due to, for
example, hemolysis. (iii) On the other hand, use of
diagnosis codes and prescription codes of sodium
polystyrene sulfonate allowed for a wider net to be cast
to identify cases that identification exclusively through
laboratory samples would have missed (e.g., patients
who may have gone straight to an emergency

example, tests done in
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department or hospital where laboratory sample data
are unavailable). (iv) Patients with hyperkalemia were
matched to the controls on the key hyperkalemia
comorbidities (dialysis treatment, CKD stage, heart
failure and RAASi use), as well as age group, to address
potential confounding due to these key risk factors of
both hyperkalemia and health care utilization/cost. (v)
The study used multivariable regression analyses to
further adjust for potential confounders, including
diabetes, hypertension, CKD stage (stage 3, stage 4,
stage 5, and unspecified stage), dialysis treatment, heart
failure, RAASI use, age groups (<45, 45-54, 5564, 65—
74, and =75), gender, and CCI. Although residual
confounding due to unmeasured or unobserved vari-
able is possible, the consistent findings that hyper-
kalemia is associated with significant economic burden
from the multivariable regression results supported the
robustness of the results.

In this retrospective database study, patients with
hyperkalemia had significantly higher health care costs
and utilization compared with matched controls. These
differences were larger in patients with CKD and/or
heart failure. Patients with hyperkalemia were more
likely to be hospitalized, go to the emergency depart-
ment, and see a physician on an outpatient basis.
Furthermore, when hospitalized, patients with hyper-
kalemia had longer lengths of stay and were more
likely to have a readmission within 30, 60, or 90 days of
discharge. In summary, hyperkalemia is associated
with a significant economic burden on afflicted
patients.

Kidney International Reports (2018) 3, 385-393
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