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ABSTRACT

Objectives To investigate healthcare costs associated
with hyperkalaemia (HK) among patients with chronic
kidney disease (CKD), heart failure (HF) or diabetes.
Design Before—after cohort study of patients with HK and
matched patients without HK.

Setting Population-based databases covering primary
and secondary care for the entire of Northern Denmark.
Participants Patients with a first incident record of CKD
(n=78372), HF (n=14233) or diabetes (n=37479) during
2005-2011. Among all patients experiencing a first HK
event (potassium level >5.0 mmol/L), healthcare costs
were compared during 6 months before and 6 months
after the HK event. The same cost assessment was
conducted 6 months before and after a matched index
date in a comparison cohort of patients without HK.
Primary and secondary outcome measures Mean costs
of hospital care, general practice and dispensed drugs
converted to 2018 Euros.

Results Overall, 17747 (23%) CKD patients, 5141 (36%)
HF patients and 4183 (11%) diabetes patients with a first
HK event were identified. More than 40% of all HK patients
across the patient groups had subsequent HK events

with successively shorter times between the events. In
CKD patients, overall mean costs were €5518 higher 6
months after versus before first HK, while €441 higher in
matched CKD patients without HK, yielding HK-associated
costs of €5077. Corresponding costs associated with a HK
event were €6018 in HF patients, and €4862 in diabetes
patients.

Conclusions Among CKD, HF and diabetes patients, an
incident HK event was common, and a large proportion of
the patients experienced recurrent HK events. Substantial
increase in healthcare costs associated with a HK event
was observed in the HK patients compared with non-HK
patients. These results are important to better understand
the potential economic impact of HK among high-risk
comorbid patients in a real-wold setting and help inform
decision-making for clinicians and healthcare providers.

BACKGROUND

Hyperkalaemia (HK) is defined as serum
potassium levels above a reference range,
usually >5.0mmol/L, although more severe

Strengths and limitations of this study

» Access to laboratory test results from both primary
and hospital care for the entire region’s population
of Northern Denmark (1 841 902 residents, ie, 33%
of Denmark’s population) linkable to nationwide data
on morbidity, mortality and medication.

» Describing healthcare resource utilisation and cor-
responding costs in three main hyperkalaemia (HK)
risk groups; patients with chronic kidney disease,
heart failure or diabetes.

» Reported costs based on official Diagnosis-Related
Groups and Danish Outpatient Grouping System
charges.

» Any conclusions concerning causal mechanisms
underlying HK outcomes and corresponding costs
should be made with caution.

» Rather than precipitating a hospitalisation, elevated
potassium levels may stem from an underlying con-
dition that led to the hospitalisation.

potassium cut-off levels are often used in
treatment decision guidelines (eg, >b.50r
>6.0mmol/L).! * HK has been reported to
occur in 3-8% of all hospitalised patients,
independent of reason for hospitalisa-
tion, based on single clinic or health insur-
ance-based cross-sectional studies.”” Patients
older than 65 years with chronic kidney disease
(CKD), heart failure (HF) diabetes or who
use renin-angiotensin—aldosterone system
inhibitors are at increased risk of experi-
encing HK.' ™ An elevated plasma potassium
concentration may result in muscle weakness,
paralysis, life-threatening effects on cardiac
arrhythmias and sudden death.” The latter
two have been reported among patients with
potassium levels >6.0mmol/ Lo However,
recent cohort analyses indicate that potas-
sium levels >5.0mmol/L may also predict
increased higher risk of cardiovascular events
and short-term mortality among patients with
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an acute hospitalisation, as well as among patients with
CKD or HF."*""7

HK has been associated with longer stay during acute
hospitalisations, as well as an increased number of inten-
sive care unit (ICU) stays and emergency department
visits, primarily in the US healthcare system setting.'' """
However, the overall healthcare resource utilisation
(HRU) and costs associated with HK have not been
comprehensively studied in a full population-based
setting outside the USA. To better understand the poten-
tial impact of new emerging drug therapies for HK, it is
important to assess the true burden of HRU and costs
in patients with HK events occurring in real-life, even if
HK-related costs are unlikely to be causally driven by HK
alone. The aims of this study were to investigate overall
HRU and costs associated with HK in a real-world clinical
setting in patients with an incident diagnosis of CKD, HF
or diabetes.

METHODS

Patient and public involvement

This was a cohort study using local and nationwide
register data and no patients were involved in the design
of the study. The study design is based on previous expe-
rience on data that are of interest to healthcare providers.

Data sources

This cohort study was conducted in Northern Denmark,
using routine laboratory test results from both primary
and hospital care for the entire region’s population
(1 841 902 residents, ie, 33% of Denmark’s population in
June 2011).*”* Laboratory data were linked, via manda-
tory and unique civil personal registration numbers
(assigned to each Danish resident), to hospital diagnoses
and procedure data maintained in the Danish National
Patient Registry (DNPR). The DNPR contains dates of
hospital admission and discharge, emergency room visits
and outpatient clinic visits as well as and procedures
carried out in the hospital setting.”* Records of all drugs
prescribed in an outpatient setting and dispensed from
Danish pharmacies were obtained from the National
Prescription Database and the Aarhus Prescription Data-
base.”! * Data on general practitioner (GP) services were
retrieved from the National Health Insurance Service
Registry.”*

Study populations with CKD, HF or diabetes

Overall, three disease cohorts with a first incident
record of CKD, HF or diabetes, respectively, were iden-
tified between 1 January 2005 and 30 June 2011, based
on a combination of laboratory, drug prescription and
hospital contact data. To ensure that our patients reflect
true real-world disease cohorts with various possible
comorbidities, an individual detected with more than
one of these conditions (such as both incident diabetes
and later incident CKD) during the study period could
be included in more than one patient cohort, in each

case starting on the detection date of the respective
disease. Incident CKD was defined as the first occur-
rence of one of the following: (1) estimated glomerular
filtration rate (eGFR) <60 mL/min/1.73 m? verified by at
least two creatinine measurements >90 days apart, (2) an
incident hospitalisation with a diagnosis of CKD or (3)
hospital-based codes for renal dialysis."” Incident HF was
defined as the first occurrence of an inpatient hospital
admission with a primary or secondary discharge diag-
nosis of HE* Incident diabetes was defined as the first
dispensed prescription for a glucose-lowering drug.*® To
maximise the likelihood that the diseases were truly inci-
dent, we ensured that individuals had no previous record
of the disease in question before study start (1 January
2005). Available look-back periods were back to 1977 for
hospital codes (CKD or HF), to 1998 for prescription data
(diabetes) and to 2000 for laboratory data (CKD).

HK events

Within each of the three cohorts, that is, individuals with
a first record of CKD, HF and diabetes, respectively, we
followed individuals for a first incident HK event occur-
ring after being recorded for the first time with the
respective disease. A HK event for a patient was identi-
fied as elevated blood potassium level >5.0 mmol/L not
preceded by a prior episode of elevated potassium within
the previous month.” * * Thus, a patient with a first
record of, for example, HF was eligible to have a first inci-
dent HK event as HF patient from the date of his or her
first HF cohort entry, only if he or she had no previous HK
event or if he or she had a previous HK event >1 month
before the date of her first HF cohort entry. More severe
HK events, >5.5 and >6.0mmol/L, were detected the
same way. The incidence of HK per 1000 person-years was
calculated in the three cohorts. Following the first event,
subsequent HK events were detected and reported, for
potassium levels >5.0, >5.5 and >6.0 mmol /L, respectively.
The incidences of subsequent HK events were presented
per 1000 person-years within the median follow-up times
between the events, and the healthcare setting where
subsequent HK events were detected was reported.

HK associated HRU and costs

The overall self-controlled before—after analytic design
is demonstrated in figure 1. Among patients who had
experienced HK in each of the cohorts with CKD, HF or
diabetes, we assessed the total number of hospital admis-
sions (acute or planned non-acute inpatient hospitalisa-
tions, including dialysis procedures, ventilator treatment
and ICU admissions), hospital outpatient visits, emer-
gency room visits, GP contacts and drugs prescribed on
an out-patient basis, during the periods 6 months before
and 6 months after the incident HK event. The difference
in overall HRU and resulting costs, during the 6 months
before the HK event and 6 months after the HK event,
was then calculated for each HK patient. If a HK patient
was diagnosed with HK on 1 April 2008, for example, the
total costs in the first 6 months after HK would be his or
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Patients with hyperkalemia

Health care costs

Health care costs

Costs B — costs A = Cost
difference among patients with
hyperkalemia: HK costs

- 6 months HK event

+ 6 months

Matched comparisons without hyperkalemia

Health care costs

A

Health care costs

> Costs B — costs A = Cost
differencerelated to natural
disease course among non-
hyperkalemia patients: non-HK
costs

- 6 months

+ 6 months

The costs associated with hyperkalemia = HK costs - non-HK costs

Matching criteria for hyperkalemia patients and comparison patients without hyperkalemia

Heart failure

Diabetes

Chronic kidney disease

Age, gender, Charlson Comorbidity Index score, chronic kidney disease duration,
calendar year of CKD diagnosis, CKD stage based on eGFR level, presence of heart

failure, diabetes or hypertension, hyperkalemia-associated drugs®

Age, gender, Charlson Comorbidity Index score, heart failure duration, calendar
year of heart failure diagnosis, presence of chronic kidney disease, diabetes or

hypertension, eGFR level, hyperkalemia-associated drugs*

Age, gender, Charlson Comorbidity Index score, diabetes duration, calendar year of

diabetes diagnosis, micro- or macrovascular complications, HbAlc level

1ACEis/ARBs, spironolactone or eplerenone, or potassium supplements at the time of hyperkalemia

Figure 1 Overall study design and matching factors.

her costs from 1 April 2008 to 31 September 2008, minus
his or her costs from 1 October 2007 to 31 March 2008
(figure 1).

To control for any changes in HRU and costs related to
the natural disease course over time, such as CKD or HF
progression, we selected a group of matched compari-
sons without HK within each disease cohort. Thus, for
each patient who developed HK, we selected, by nearest

neighbour matching, one comparison patient among those
who were alive and had not yet developed HK on the index
date of the corresponding matched HK patient, and who
was as similar as possible for a range of matching factors.
These factors are shown in figure 1 and included gender,
patient age (in years), calendar year of first record of the
disease, disease duration (in days), Charlson Comorbidity
Index score (0, 1, 2, 3+), as well as additional prespecified
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clinical factors specific to each of the three disease cohorts
(figure 1).

The total costs associated with HK were then estimated
as the cost difference 6 months before and after the HK
event among the HK patients minus the cost difference
during the same period among the non-HK comparisons
(figure 1). Hence, HK-associated costs were derived as
a difference-in-difference, in which the difference between
costs for HK patients and non-HK comparisons were
regarded to be associated with the HK event (figure 1).%

To account for early mortality during the 6 months
following the index date in both the HK patients and
non-HK comparisons, an additional analysis of mean cost
per risk time was performed, where costs were weighted
by time-at-risk within the 6 months. We also conducted a
supplementary analysis in which the difference-in-difference
costs were restricted to costs 1 month before the HK event
and 1month after the HK event. The CIs in the main
analysis were calculated based on the assumption that the
difference-in-difference followed a t-distribution. The CIs in
the subanalysis where the costs were weighted by time-at-
risk were calculated based on bootstrapping.

Unit costs

Costs for hospital admissions and outpatient contacts
(including emergency room visits) were based on the
Diagnosis-Related Groups (DRG) and Danish Outpatient
Grouping System charges.”® Costs of GP consultations
and contacts such as phone calls, tests and mileage allow-
ance were calculated based on prescheduled fees for GP
services in the Danish healthcare system.** Drug acqui-
sition costs for drugs prescribed on an outpatient basis
were calculated based on Danish pharmacy retail prices.*
All unit costs were based on the calendar year in which
the resource utilisation occurred and converted to the
year 2018 costs, using the official healthcare sector price
index published by Statistics Denmark.”® All costs were
converted to Euros using an average 2018 exchange rate,
according to the European Central Bank, of 7.45 DKK
per Euro.

RESULTS

Among 78372 patients with CKD, 14233 patients with
HF and 37479 patients with diabetes, one or more HK
events were experienced by 17747 (23%) of the CKD
patients; 5141 (36%) of HF patients; and 4183 (11%) of
the diabetes patients. Among the 27071 patients with HK,
those with HF were older (median age was 79 vs 76 in
CKD patients and 69 in diabetes patients), included more
patients with eGFR levels <30 mL/min/1.73 m? (42% vs
37% in CKD patients and 24% in diabetes patients), and
had a higher proportion of ACE inhibitor users (55%)
than the CKD (43%) or diabetes patients (48%) (table 1).
Similar differences by disease group were observed for the
26900 comparison patients without HK (online supple-
mentary table S1).

HK incidence

The incidence rates of HK were 99.0, 256.7 and 45.7
per 1000 person-years among the CKD, HF and diabetes
patients, respectively (figures 2-4). The incidence of
more severe HK events, >5.5 and >6.0 mmol/L, was lower
across the three disease cohorts. Among the HF patients,
more patients had more severe HK (>5.5mmol/L) (18%),
compared with the CKD patients (10%) and diabetes
patients (4%). The baseline characteristics of the patients
with more severe HK events (>5.5 and >6.0 mmol/L) and
of their matched comparisons without HK are reported
in online supplementary tables S2 and S3. A large
proportion of the patients with a first HK event expe-
rienced a second HK event; 44% of the CKD patients,
44% of the HF patients and 45% of the diabetes patients.
Among these surviving patients, an increasing propor-
tion suffered subsequent HK events (>5.0mmol/L), and
the time between HK events was successively shorter for
the subsequent events (figures 2—4). After an initial HK
event (>5.0mmol/L), subsequent HK events were more
frequently detected in primary care than in hospitals,
whereas for patients with severe HK events (>6.0mmol/L),
subsequent HK events were predominantly diagnosed in
the hospital setting (figures 2—4).

HRU and costs associated with HK

Among the CKD patients with a HK event, mean numbers
of acute hospital admissions increased from 0.8 during
the period of 6 months before HK to 1.2 during the
period of 6 months after HK (table 2). Among the HF
patients with a HK event, corresponding acute admissions
increased from 1.3 to 1.5 and among the diabetes patients
with a HK event from 0.7 to 1.0. One-third (diabetes) to
one-half (HF) of the HK patients experienced an acute
admission at the time of their HK event; ICD-10 chapters
for primary discharge diagnoses for these admissions are
shown in online supplementary table S4. Mean costs of
acute admissions with ventilator treatment and ICU stay
were much higher after versus before HK, by 5.2-fold
and 4.6-fold, respectively, in CKD patients, 4.6-fold
and 3.7-fold in HF patients and 8.5-fold and 6.0-fold in
diabetes patients (table 2). Among the matched non-HK
comparisons in the same period, minor differences in
mean numbers of non-acute hospitalisations, and outpa-
tient and GP visits were observed. The mean difference
per patient in total costs among HK patients between 6
months before and 6 months after HK was €5518 in CKD
patients, €5141 in HF patients and €4650 in diabetes
patients (table 2, figure 5). In comparison, the mean differ-
ence in total costs among the matched non-HK patients
between 6 months before and 6 months after the index
date was €441 in CKD patients, €-887 in HF patients and
€-212 in diabetes patients, resulting in estimated HK-as-
sociated costs of €5076 (95% CI 4690 to 5463) in patients
with CKD, €6018 (95% CI 5234 to 6802) in patients with
HF and €4862 (95% CI 4156 to 5568) in patients with
diabetes. Overall, costs after HK increased by 71% in CKD
patients, 52% in HF patients and 70% in diabetes patients.
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Patients with hyperkalaemia

Chronic kidney disease Heart failure Diabetes

Female 8576 (48.3%) 2311 (45.0%) 1635 (39.1%)

edian age (range, .4-83. . . .0-78.
Medi 76 (66.4-83.2 79 (70.4-85.1 69 (60.0-78.4

65-74 4461 (25.1%) 1149 (22.3%) 1158 (27.7%)

85+ 3304 (18.6%) 1292 (25.1%) 401 (9.6%)

eGFR 260 102 (0.6%) 559 (10.9%) 1335 (31.9%)

eGFR 30-44 5711 (32.2%) 1459 (28.4%) 906 (21.7%)

eGFR <15 1968 (11.1%) 607 (11.8%) 283 (6.8%)

Qualifying event of hyperkalaemia

5.5-5.9 2612 (14.7%) 836 (16.3%) 525 (12.6%)

6.5-6.9 331 (1.9%) 107 (2.1%) 54 (1.3%)

Main risk factors

CKD 17747 (100%) 3478 (67.7%) 2094 (50.1%)

Hypertension 13080 (73.7%) 4422 (86.0%) 3042 (72.7%)

M 2756 (15.5%) 1533 (29.8%) 637 (15.2%)

PVD 2294 (12.9%) 857 (16.7%) 466 (11.1%)

Any malignant disease 4086 (23.0%) 928 (18.1%) 727 (17.4%)

VHD 1698 (9.6%) 1007 (19.6%) 284 (6.8%)

0 4180 (23.6%) 991 (19.3%) 1454 (34.8%)

2 3962 (22.3%) 1053 (20.5%) 738 (17.6%)

Medications

ARBs 3762 (21.2%) 977 (19.0%) 954 (22.8%)

Potassium supplements 6010 (33.9%) 3010 (58.5%) 1214 (29.0%)

*mL/min/1.73m2.
ACEis, angiotensin converting enzyme inhibitors; ARBs, agiotensin Il receptor blockers; CVD, cardiovascular disease; HF, heart failure; Ml,
myocardial infarction; PVD, peripheral vascular disease; VHD, valvular heart disease.
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Median FU time, years (IQR):

Patients with CKD
N=78,372

0.50 (0.02;1.76)

0.67 (0.05;2.07)

N

0.69 (0.05:2.15)

Patients with first HK event >5.0
N=17,747 (22.6%)
Incidence: 99.0 per 1,000 pyrs

Patients with first HK event >5.5
N=7,447 (9.5%)
Incidence: 37.2 per 1,000 pyrs

Patients with first HK event >6.0
N=3,258 (4.2%)
Incidence: 15.8 per 1,000 pyrs

GP Hospital
N=9,398 N=8,349
(53.0%) (47.0%)

GP Hospital
N=2,684 N=4,763
(36.0%) (64.0%)

GP Hospital
N=777 N=2,481
(23.8%) (76.2%)

0.55 (0.24;1.34)

0.58 (0.25;1.43)

0.60 (0.23;1.30)

Patients with 2nd HK event >5.0
N=7,801 (44.0%)
Incidence: 401.4 per 1,000 pyrs

Patients with 2nd HK event >5.5
N=1,971 (26.5%)
Incidence: 259.6 per 1,000 pyrs

Patients with 2nd HK event >6.0
N=487 (14.9%)
Incidence: 152.3 per 1,000 pyrs

GP Hospital
N=4,978 N=2,823
(63.8%) (36.2%)

GP Hospital
N=1,041 N=930
(52.8%) (47.2%)

GP Hospital
N=187 N=300
(38.4%) (61.6%)

0.44 (0.22;0.99)

0.46 (0.21;1.05)

0.43 (0.23:1.14)

Patients with 3rd HK event >5.0
N=4,352 (55.8%)
Incidence: 878.3 per 1,000 pyrs

Patients with 3rd HK event >5.5
N=829 (42.1%)
Incidence: 655.4 per 1,000 pyrs

Patients with 3rd HK event >6.0
N=150 (30.8%)
Incidence: 446.9 per 1,000 pyrs

GP Hospital GP Hospital GP Hospital
N=3,052 N=1,300 N=507 N=322 N=71 N=79
(70.1%) (29.9%) (61.2%) (38.8%) (47.3%) (62.7%)

0.44 (0.21;0.79)

0.46 (0.20;0.80)

0.43 (0.20;0.48)

Patients with 4th HK event >5.0
N=2,667 (61.3%)
Incidence: 1,424.8 per 1,000 pyrs

Patients with 4th HK event >5.5
N=427 (51.5%)
Incidence: 1,121.3 per 1,000 pyrs

Patients with 4th HK event >6.0
N=70 (46.7%)
Incidence: 1,052.1 per 1,000 pyrs

GP Hospital GP
N=1,915 N=752 N=277
(71.8%) (28.2%) (64.9%)

Hospital GP Hospital
N=150 N=44 N=26
(35.1%) (62.9%) (37.1%)

*CKD: Chronic kidney disease, FU: Follow-up, IQR: Interquartile Range, HK: Hyperkalemia, GP: General practitioner.

Figure 2 Risks of developing first and subsequent events with elevated potassium level >5.0, >5.5 and >6.0mmol/L in patients
with chronic kidney disease and split between diagnosis setting of hyperkalaemia.

The HXK-associated costs were higher in patients with
more severe HK events (>5.5 and >6.0mmol/L) (online
supplementary tables S5 and S6). The higher costs after
versus before incident HK and the cost amplification by
HK severity are shown in table 2 and depicted in figure 5.

Considering the high mortality 6 months after the HK
event among the HK patients compared with the matched
non-HK comparisons, (27% vs 7% mortality in CKD
patients, 35% vs 15% mortality in HF patients and 19%
vs 4% mortality in diabetes patients, data not shown), the
HK-associated costs within 6 months weighted by time-
atrisk were estimated; €8291 (95% CI 7823 to 8704) in
CKD patients, €11078 (95% CI 10031 to 12 034) in HF
patients and €6719 (95% CI 5943 to 7440) in diabetes
patients (online supplementary table S7).

When restricting the calculations to costs 1month
before the HK event and 1month after the HK event,

HK-associated costs were €4017 (95% CI 3785 to 4249)
in CKD patients, €5140 (95% CI 4672 to 5607) in HF
patients and €3678 (95% CI 3280 to 4076) in diabetes
patients (online supplementary table S8).

DISCUSSION
This population-based cohort study provides an overview
of incidences of HK event and the corresponding HRU
and costs, in patients with CKD, HF and diabetes during
a maximum observation period of 5.5 years in Denmark.
Overall, 17 747 CKD patients, 5141 HF patients and
4183 diabetes patients with a first HK event were identi-
fied. More than 40% of the patients had subsequent HK
events, with successively shorter time between the events.
In CKD patients, the overall mean costs were €5518
higher after HK event compared with prior HK event

6

Kim K, et al. BMJ Open 2019;9:026465. doi:10.1136/bmjopen-2018-026465


https://dx.doi.org/10.1136/bmjopen-2018-026465
https://dx.doi.org/10.1136/bmjopen-2018-026465
https://dx.doi.org/10.1136/bmjopen-2018-026465

Median FU time, years (IQR):

Patients with HF
N=14,233

0.17 (0.02;0.93)

0.25 (0.05;1.24)

N

0.35 (0.05:1.50)

Patients with first HK event >5.0
N=5,141 (36.1%)
Incidence: 256.7 per 1,000 pyrs

Patients with first HK event >5.5
N=2,511 (17.6%)
Incidence: 101.6 per 1,000 pyrs

Patients with first HK event >6.0
N=1,164 (8.2%)
Incidence: 43.8 per 1,000 pyrs

GP Hospital GP Hospital GP Hospital
N=1,860 N=3,281 N=677 N=1,834 N=209 N=955
(36.2%) (63.8%) (23.0%) (73.0%) (18.0%) (82.0%)

0.50(0.21;1.17) 0.50 (0.22;1.33) 0.61 (0.26;1.69)

Patients with 2nd HK event >5.0
N=2,282 (44.4%)
Incidence: 490.8 per 1,000 pyrs

Patients with 2nd HK event >5.5
N=625 (24.9%)
Incidence: 263.3 per 1,000 pyrs

Patients with 2nd HK event >6.0
N=146 (12.5%)
Incidence: 143.3 per 1,000 pyrs

GP Hospital
N=1,334 N=3,281
(58.5%) (63.8%)

GP Hospital
N=286 N=96
(45.8%) (65.8%)

GP Hospital
N=50 N=96
(34.2%) (65.8%)

0.42 (0.21;0.94)

0.40 (0.19;1.10)

0.31 (0.18;0.73)

Patients with 3rd HK event >5.0
N=1,204 (52.5%)
Incidence: 854.4 per 1,000 pyrs

Patients with 3rd HK event >5.5
N=231 (37.0%)
Incidence: 658.1 per 1,000 pyrs

Patients with 3rd HK event >6.0
N=45 (30.8%)
Incidence: 613.8 per 1,000 pyrs

GP Hospital
N=760 N=444
(63.1%) (36.9%)

GP Hospital
N=120 N=111
(51.9%) (48.1%)

GP Hospital
N=23 N=22
(51.1%) (48.9%)

0.42 (0.19;0.81)

0.40 (0.19;0.59)

0.31(0.17;0.50)

Patients with 4th HK event >5.0
N=704 (58.5%)
Incidence: 1,241.1 per 1,000 pyrs

Patients with 4th HK event >5.5
N=103 (44.6%)
Incidence: 1,016.3 per 1,000 pyrs

Patients with 4th HK event >6.0
N=24 (53.3%)
Incidence: 1,435.4 per 1,000 pyrs

GP Hospital GP
N=466 N=238 N=66
(66.2%) (33.8%) (64.1%)

Hospital GP Hospital
N=37 N=11 N=13
(35.9%) (45.8%) (54.2%)

*HF: Heart failure, FU: Follow-up, IQR: Interquartile Range, HK: Hyperkalemia, GP: General practiticner.

Figure 3 Risks of developing first and subsequent events with elevated potassium level >5.0, >5.5 and >6.0mmol/L in patients
with heart failure and split between diagnosis setting of hyperkalaemia.

while the costs in the matched non-HK comparisons was
€441 during the same time period, resulting in a HK-as-
sociated cost of €5076. Corresponding mean costs associ-
ated with a first HK event were €6018 in patients with HF,
and €4862 in patients with diabetes.

The difference in cost incurred by HK patients and
non-HK patients was mainly driven by acute hospitalisa-
tions, where ICU stays and ventilator treatments were
the main contributing components. The mean cost per
acute hospitalisation, that is, due to longer hospital stays
and/or a hospital episode with complications, was higher
among HK patients, which may indicate hospitalisation
for more severe conditions among the HK patients. Costs
for primary care visits and prescribed drugs had a minor
impact on the overall cost pattern associated with a HK
event.

A larger proportion of HF patients had experienced
mild and severe HK events, which occurred closer to the
date of HF diagnosis, compared with the corresponding
results in the CKD and diabetes patients. Relatively more
HK events were detected in the hospital than in the
primary care setting among the HF patients. The HF
cohort also had a higher mean cost per patient prior to
the HK event than had the CKD and diabetes cohort,
and a larger absolute increase in mean costs after the
HK event compared with the other disease cohort. The
mean relative increase in costs associated with HK, was
higher among the CKD (71%) and diabetes patients
(70%) compared with the HF patients (52%). However,
when taking the higher mortality among the HF patient
cohort into account (35% were deceased within 6 months
after HF diagnosis), by weighing in patient survival time,
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Median FU time, years (IQR):

Patients with Diabetes
N=37,479

1.15 (0.38:2.49)

1.53 (0.58;2.84)

N

1.67 (0.61;2.98)

Patients with first HK event >5.0
N=4,183 (11.2%)
Incidence: 45.7 per 1,000 pyrs

Patients with first HK event >5.5
N=1,439 (3.8%)
Incidence: 14.9 per 1,000 pyrs

Patients with first HK event >6.0
N=574 (1.5%)
Incidence: 5.9 per 1,000 pyrs

GP Hospital
N=2,677 N=1,506
(64.0%) (36.0%)

GP Hospital
N=564 N=875
(39.2%) (60.8%)

GP Hospital
N=140 N=434
(24.4%) (75.6%)

0.57 (0.27:1.40)

0.69 (0.28;1.44)

0.65 (0.33;1.26)

Patients with 2nd HK event >5.0
N=1,861 (44.5%)
Incidence: 399.3 per 1,000 pyrs

Patients with 2nd HK event >5.5
N=371 (25.8%)
Incidence: 259.4 per 1,000 pyrs

Patients with 2nd HK event >6.0
N=89 (15.5%)
Incidence: 176.1 per 1,000 pyrs

GP Hospital GP Hospital GP Hospital
N=1,308 N=553 N=193 N=178 N=36 N=53
(70.3%) (29.7%) (52.0%) (48.0%) (40.4%) (59.6%)

0.46 (0.25;0.97) 0.48 (0.21;0.99) 0.64 (0.32;1.07)

Patients with 3rd HK event >5.0
N=1,016 (54.6%)
Incidence: 926.5 per 1,000 pyrs

Patients with 3rd HK event >5.5
N=132 (35.6%)
Incidence: 670.8 per 1,000 pyrs

Patients with 3rd HK event >6.0
N=21 (23.6%)
Incidence: 351.1 per 1,000 pyrs

GP Hospital
N=751 N=265
(73.9%) (26.1%)

GP Hospital
N=81 N=51
(61.4%) (38.6%)

GP Hospital
N=11 N=10
(52.4%) (47.6%)

0.46 (0.23;0.87)

0.48 (0.18;0.77)

0.64 (0.32;0.86)

Patients with 4th HK event >5.0
N=621 (61.1%)
Incidence: 1,592.1 per 1,000 pyrs

Patients with 4th HK event >5.5
N=71 (53.8%)
Incidence: 1,745.4 per 1,000 pyrs

Patients with 4th HK event >6.0
N=7 (33.3%)
Incidence: 677.5 per 1,000 pyrs

GP Hospital GP
N=482 N=139 N=43
(77.6%) (22.4%) (60.6%)

Hospital GP Hospital
N=28 N=2 N=5
(39.4%) (28.6%) (71.4%)

*FU: Follow-up, IQR: Interquartile Range, HK: Hyperkalemia, GP: General practitioner.

Figure 4 Risks of developing first and subsequent events with elevated potassium level >5.0, >5.5 and >6.0mmol/L in patients
with diabetes and split between diagnosis setting of hyperkalaemia.

a higher relative mean cost increase was still observed for
the HF patients compared with the other disease cohort.

For more severe HK episodes (>5.5 and >6.0 mmol/L,
respectively), a higher mean cost was observed among the
CKD and diabetes patients, compared with costs associ-
ated with milder HK events. This pattern was not observed
among the HF patients, for whom the HK associated with
cost did not differ greatly by the increasing severity of
HK events. This finding might be partly explained by the
particularly high early mortality among HF patients with
severe HK.

Following the initial HK event, a larger proportion of
the subsequent HK events were detected in a primary
care compared with hospital setting. Following an initial
HK event, patients would presumably undergo more
frequent blood testing in primary care, thus potentially

explaining why a larger proportion of the subsequent HK
events were detected in primary care.

The few existing studies investigating HK-related costs
in the literature, are mostly from the USA. Fitch et al esti-
mated that monthly severity-adjusted CKD costs for HK
patients were $4922 versus $2036 for those without HK.®!
Castro and Coresh estimated a monthly cost of $5994 and
an annual cost of $31 884, to manage CKD patients who
experienced HK, but without reference to a comparison
group.™ Probably related to the considerable differences
in clinical practice and in reimbursement system between
the US and FEuropean/Nordichealthcare systems, the
mean estimates and the magnitude of cost differences
between HK and non-HK patients were generally higher
in the US studies than in the current study, that is, our
HK-associated costs converted to US$ were $5837 in the
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Patients with chronic kidney disease
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Patients with heart failure
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Patients with diabetes
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>5.0 mmol/L 5.5 mmol/L >6.0 mmol/L

Cost difference HK vs. non-HK patients: 4862 EUR

Cost difference HK vs. non-HK patients: 7381 EUR

Cost difference HK vs. non-HK patients: 8430 EUR

Figure 5 Mean cost of healthcare utilisation 6 months before and 6 months after HK, in chronic kidney disease, heart
failure and diabetes patients, HK patients versus matched non-HK comparisons. GP, general practitioner; HK, hyperkalaemia.

CKD patients, $6921 in the HF patients and $5591 in
the diabetes patients (applying an exchange rate of €1
=US$1.15).

This study does not come without limitations. First, any
conclusions concerning causal mechanisms underlying
HK outcomes and corresponding costs should be made
with caution. Rather than precipitating a hospitalisa-
tion, elevated potassium levels measured during a hospi-
talisation may stem from an underlying condition that
led to hospitalisation (eg, infection, dehydration, dete-
riorating kidney function) among the disease cohorts
examined.” ** We observed a variety of acute disease
diagnoses, typically for an elderly highly comorbid
patient population. On the other hand, HK itself may
have had a bearing on the acute hospitalisation and its

severity and course, and HK may also have directly led
to admissions, for example, through muscle weakness,
cardiac problems, resulting falls, etc. The exact order
of events in the pathophysiological pathway leading to
a hospitalisation is difficult to disentangle, especially
for elderly comorbid patients. Therefore, it is not yet
predictable how the effective and sustained manage-
ment of HK will affect the corresponding costs associ-
ated with HK occurrence.

Second, our study is reliant on routine care ICD-10
codes for morbidity data and therefore, the possibility of
coding errors cannot be ruled out. Furthermore, we did
not have access to detailed clinical data for, for example,
severity of HF, such as ejection fraction or New York Heart
Association Functional Classification, or for exact type of
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diabetes, which remains uncertain based on treatment
modality and hospital codes alone.

Third, inclusion of patients in the study cohorts was
restricted to 2005-2011 due to DRG record availability
and feasibility of long-term follow-up. Clinical manage-
ment of the comorbid conditions that are known risk
factors for HK, as well as HK management, may have
changed during this period; however, pharmacological
advancements in HK management have been relatively
stagnant within this time period.* **

Fourth, long-term clinical implications of HK and the
corresponding HRU and costs were not investigated.
This could, however, be a field for further work and
investigation.

Lastly, information on drugs administered during
hospitalisations, including those for the management of
HK, were not available in the dataset. Therefore, their
acquisition costs could not be examined in detail, but
only included as a part of the cost of each DRG hospital
episode.

CONCLUSIONS

The costs associated with incident HK were substantial
among CKD, HF and diabetes patients, and were mainly
driven by increased use of hospital-based care. A large
proportion of patients experienced subsequent HK events
after a first incident event, with a successively shorter time
between events. Our findings indicate that the high HRU
and corresponding costs associated with HK events, as
well as the recurring pattern of events among CKD, HF
and diabetes patients, constitute a substantial clinical and
economic burden for patients, healthcare providers and
payers. With our observational study design, it was not
possible to determine whether HK was the direct cause
of hospital admissions and increased HRU. However,
since HK is at least partly contributing to the substantial
adverse health outcomes observed, timely detection and
management of HK among high-risk populations and
avoidance of subsequent events may translate not only to
clinical benefits for the patients but may also alleviate the
economic burden for healthcare providers and payers.
Additional research on the long-term costs, particularly
for patients with recurrent events of HK, will be useful to
inform clinical decision-making.
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