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Abstract

Aims To determine the incidence of hyperkalaemia in patients with heart failure with reduced ejection fraction (HFrEF) dur-
ing up-titration of guideline-directed medical therapy (GDMT) in real-world settings.
Methods A retrospective review of medical records of all patients hospitalized for newly onset HFrEF at Sahlgrenska Univer-
sity Hospital, Sweden, between 1 January 2016 and 31 December 2019. Based on mineralocorticoid receptor antagonist (MRA)
treatment within the first 6 months, patients were divided into four groups: (i) never received MRA, (ii) needed MRA dose
reduction, (iii) needed discontinuation of MRA, and (iv) stable MRA treatment. Potassium levels were assessed at baseline
and has the highest potassium level during the 6 months of up-titration.
Results Of 3456 patients hospitalized for heart failure, 630 (18%) were eligible (68.4% men, 66.8 years, mean EF of 29.4%).
After up-titration of GDMT 48.4% of patients received MRAs. Patients without MRA treatment were older (P < 0.0001), had
lower EF (P = 0.022), had higher NTproBNP (P = 0.017), had lower eGFR (P = 0.001), and were more often treated with angio-
tensin receptor inhibitors/angiotensin receptor blockers/angiotensin receptor neprilysin inhibitors (all P < 0.0001). In overall
study population, hyperkalaemia increased from 5.9 to 24.4% after 6 months of up-titration of GDMT (P< 0.0001). Among four
groups, the incidence of hyperkalaemia throughout up-titration of GDMT increased from 6.8 to 54.5% in patients with dose re-
duction of MRA, from 8.8 to 50.9% in those with discontinuation of MRA, from 5 to 10% in patients with stable MRA treatment,
and from 6 to 28% in patients who were MRA naive (all P < 0.0001). In the MRA-naive group, normokalaemia/hypokalaemia
occurred in 87.5% at baseline, and after 6 months of up-titration of GDMT, normokalaemia/hypokalaemia remained in
47.8%, whereas mild, moderate, and severe hyperkalaemia occurred in 22.4%, 5.7%, and 0.9%, respectively.
Conclusions Hyperkalaemia increased significantly during up-titration of GDMT but with varying magnitudes in different clin-
ical phenotypes, which might explain why physicians refrain from prescribing MRAs to patients with HFrEF.
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Introduction

Remarkable progress in treating patients with HFrEF has been
achieved during the past few decades. Although the ability to
improve the outcome never has been better than today, the
5-year survival rate after hospitalization with HFrEF still re-
mains as low as 25%.1 One of the underlying causes is the
suboptimal clinical implementation of guideline-directed
medical therapy (GDMT). It is well known that treatment with

angiotensin receptor inhibitors (ACEis), angiotensin receptor
blockers (ARBs), angiotensin receptor neprilysin inhibitors
(ARNIs), and beta-blockers (BB) reduce mortality and morbid-
ity in patients with HFrEF.2–7 The effect of the MRAs on re-
ducing mortality and hospitalizations due to HF is also well
documented.8,9

Despite the proven benefits of MRAs for patients with
HFrEF, there are substantial disparities between the recom-
mendations in the guidelines and implementation of MRAs
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in clinical practice, both in the United States and in
Europe.10–13 Observational data from the United States note
the under-use of MRAs in 50% of eligible patients over almost
one decade. Even when prescribed, the doses were often be-
low the target doses and without obvious improvement over
time.10,13 If prescribed, MRAs were often discontinued due to
adverse events as hyperkalaemia and impaired renal
function.11,14

Hyperkalaemia and worsening renal function have been re-
ported as potential significant causes of the under-use of
MRAs.2,15 Yet, the reported incidence of hyperkalaemia var-
ied between 0.9 and 23%.16 In a Swedish study, the
under-use of MRAs was not associated with elevated potas-
sium levels but with impaired renal function, despite the
range of the creatinine clearance was 30–59.9 mL/min,
where MRAs are not contraindicated, and non-specialist care
recovered HF and no use of other HF therapy.12 Another
study showed that MRAs were more likely to be discontinued
in patients with chronic kidney dysfunction. These authors re-
ported an event with moderate or severe hyperkalaemia in
9.3% of patients with HF, which was also the cause for dis-
continuation of MRAs in 47% of the cases.14 Essentially, the
reported incidence of hyperkalaemia is far too low in relation
to the percentage of undertreated patients and varies exten-
sively in different reports. Consequently, the fraction of pa-
tients at risk for hyperkalaemia most likely presents a sub-
stantial subgroup that is still not well described and may
only be estimated at an individual level. Thus, data on the to-
tal burden of hyperkalaemia in real-life settings are insuffi-
cient to explain the under-use of MRA.

This study aims to determine the incidence and magnitude
of documented hyperkalaemia and the potential risk of
hyperkalaemia in patients with HFrEF at baseline and during
optimal up-titration of GDMT in a real-world HF population.

Methods

Patient selection

All patients 18–85 years of age at baseline, hospitalized for
newly onset HFrEF, with an ejection fraction (EF) less than
40% in the period between 1 January 2016 and 31 December
2019, at one of three affiliations at Sahlgrenska University
Hospital, Gothenburg, Sweden, were identified retrospec-
tively and consecutively included from the hospital discharge
registry. Baseline refers to the time when diagnosed with
HFrEF, which in this study is the date of discharge from hos-
pitalization when a patient receives a diagnosis of HFrEF. Eli-
gible patients were identified using the International Classifi-
cation of Disease (ICD)-10 codes I50.0–I50.9 as principal
diagnosis at discharge. These patients formed the hospital
cohort.

Data collection and validation

All patient-related data at Sahlgrenska University Hospital
have been stored electronically since the beginning of the
21st century. A well-trained physician carefully evaluated
medical records for each patient with an HF diagnosis to
differentiate patients with newly onset HFrEF with
EF < 40%, regardless of the genesis of HFrEF, from other
patients with HF, including results from different examina-
tions (e.g. cardiac ultrasound, laboratory results and written
documentation) from the beginning of the 21st century. In
questionable cases, medical records were discussed with
three experienced cardiologists. All data, including co-
morbidities (e.g. diabetes mellitus, ischaemic heart disease,
atrial fibrillation/flutter, and cancer), were collected. Diag-
nostic tests and medical and device treatment at baseline
or before baseline were also collected. Patients who died,
underwent heart transplantation, and received a long-term
mechanical assist device or ongoing permanent dialysis
within 6 months, as well as patients with incomplete med-
ical records (e.g. referral to other follow-up sites), were
excluded.

Up-titration of GDMT and MRA use

All newly diagnosed HFrEF must go through maximum up-
titration of ACEi/ARB/ARNI, BB, and MRA as recommended
by the European Society of Cardiology (ESC) guidelines
within 6 months from diagnosis (baseline) at a
nurse-based specialized heart failure (HF) outpatient
clinic.17 After 6 months, medical records were evaluated if
treatment with MRA was initiated and maximal dose
achieved. Assessments were also done to determine
whether treatment with MRA needed adjustment (e.g. dose
reduction or discontinuation), as well as documented rea-
sons for these actions. Patients were divided into four
prespecified subgroups (see the ‘Group division based on
MRA use’).

Definition of hyperkalaemia, borderline
hyperkalaemia, and expected risk of
hyperkalaemia

The potassium values in the study were analysed either in se-
rum or plasma. Hyperkalaemia was defined as K ≥ 5.0 mmol/L
and normokalaemia as K < 4.8 mmol/L. The potassium levels
were documented at baseline, as the last recorded potassium
level before hospital discharge of the index hospitalization
when patients were diagnosed with HFrEF. The levels of po-
tassium were also recorded as the highest potassium docu-
mented within 6 months after baseline. Hyperkalaemia was
presented at different levels: K ≥ 6.0, K ≥ 5.5, and
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K ≥ 5.0 mmol/L. Borderline hyperkalaemia was defined as K
4.8–4.9 mmol/L, mild hyperkalaemia as K 5.0–5.4, moderate
hyperkalaemia as K 5.5–5.9, and severe hyperkalaemia as
K ≥ 6.0. Hypokalaemia was defined as K < 3.5. The expected
risk of hyperkalaemia included an overall assessment based
on previous studies.18 In addition to borderline
hyperkalaemia, K 4.8–4.9 mmol/L, presence of diabetes
mellitus, and eGFR < 45 mL/min were taken into account,
and together with HFrEF, confer patients at higher risk of de-
veloping hyperkalaemia.

Physicians’ reasoning for under-use of MRA

Physician’s reasoning for the under-use of MRAs was col-
lected from medical records.

Group division based on MRA use

The study population was divided into four groups: patients
who never received MRA treatment within 6 months after
baseline; patients who received MRA but needed dose re-
duction within 6 months after baseline; patients who re-
ceived MRA, but treatment was discontinued within
6 months after baseline; and patients who received MRA
treatment within 6 months after baseline, without any dose
reduction.

Exploratory analysis

An exploratory analysis of all-cause mortality was per-
formed in patients from the hospital cohort who were
not treated with MRA compared with matched (age, sex,
co-morbidities) patients treated with MRA from the Swed-
ish Heart Failure Registry (SwedeHF), here defined as con-
trols (Table S1). The SwedeHF is a nationwide HF registry
implemented in 2003.12 The annual reports, protocol, and
registration form are available at http://www.swedehf.se.
Individual written consent is not required for registration
in national registries, but patients can withdraw their con-
sent at any time. With the unique 12-digit personal identi-
fication number that all Swedish permanent residents re-
ceive, the patient cohort from SwedeHF was linked to
other registers. Data on co-morbidities were obtained from
the Swedish National Patient Registry, mandatory in
Sweden since 1987 and having full coverage throughout
Sweden. Diagnoses are registered according to the Interna-
tional Classification of Diseases (ICD), and for this study, the
tenth revision (ICD-10) was used. Mortality data were ob-
tained from the Cause Specific Death Registry (http://
www.socialstyrelsen.se). The establishment of the registry
and analysis of the data were approved by a multisite
Ethics Committee (2012/285-31, 2013/302-32, 2017/510-

32). The registry and this study comply with the 1964 Dec-
laration of Helsinki and its later amendments.19

Statistical analysis

The Pearson chi-square test was used to assess differences
between categorical variables, the Mann–Whitney test for
continuous variables with respect to two treatment groups,
and Kruskal–Wallis test with respect to four treatment
groups. Following the visual review of the variable distribu-
tion and as indicated by the Kolmogorov–Smirnov test, nor-
mal distribution could not be assumed for the analysed
continuous variables why the non-parametric tests were
chosen. Each patient with HFrEF in the hospital cohort
without MRA treatment after 6 months from inclusion
was matched with one patient with HF from the SwedeHF
using propensity score matching analysis with 1:1 nearest
neighbour matching. Variables used in developing the pro-
pensity score included age, sex, height, weight, systolic
blood pressure, LVEF, creatinine, atrial fibrillation, diabetes
mellitus, and treatment with ACEi/ARB and BB. Cox regres-
sion analysis was calculated to assess mortality risks within
1 year in patients without MRA treatment in the hospital
cohort compared with matched controls from the SwedeHF.
Finally, a univariate Cox regression model was applied to
estimate the effect of mild and moderate hyperkalaemia
on survival. Statistical analyses were performed using SPSS
for Windows version 18.0 (SPSS Inc., Chicago, IL, USA). Fig-
ures and tables were created in Microsoft Office Word. All
P values < 0.05 (two-sided) were considered statistically
significant.

Results

Baseline data

Some 3456 unique medical records of patients who received
HF diagnosis were identified from the local hospital discharge
registry. Exclusion criteria were EF ≥ 40%, incomplete data,
on permanent dialysis, with chronic HF, who died at baseline
or within 6 months from baseline, were heart transplanted at
baseline or within 6 months from baseline, received
long-term mechanical assist device within 6 months after
HFrEF diagnosis, or where data in the medical records were
incomplete or not available (see the flowchart in Figure 1).
The final population included 630 patients (68.4% men), with
a median (IQR) age of 69 (59, 76) years and a mean (±SD) EF
of 29.4 (6.8) %.

After up-titration of GDMT for 6 months, 48.4% of pa-
tients received MRA treatment. Out of the total study pop-
ulation, 268 patients (42.5%) of the study population never
received MRA treatment within 6 months after baseline
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(group 1), 44 patients (7%) of the study population received
MRA but needed dose reduction within 6 months
after baseline (group 2), 57 patients (9%) of the study pop-
ulation received MRA but treatment was discontinued
within 6 months after baseline (group 3), and 261 pa-
tients (41.4%) of the study population received MRA treat-
ment within 6 months after baseline, without any dose re-
duction (group 4). Depending on the initial dose, some
patients in group 4 could have the same dosing as those
in group 2.

As shown in Table 1, patients who were not on treatment
with MRA were older (P < 0.0001), were more likely to be fe-

male (P = 0.002), had lower EF (P = 0.022) and higher
NTproBNP (P = 0.017), had lower eGFR (P = 0.001), had more
co-morbidities, and were more often treated with ACE/ARB
(P < 0.0001) or ARNI (P < 0.0001) within 6 months from
baseline.

Goal achievement of up-titration of GDMT in
subgroups

After initiation/up-titration of GDMT, patients from the
four subgroups (patients naive, needed dose reduction,

Figure 1 Flowchart illustrating the selection procedure of the study population. EF, ejection fraction; HFrEF, heart failure with reduced ejection
fraction.
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discontinuation, and stable on treatment with MRA) achieved
the treatment goals: BB were used in approximately 92–98%
of the cases (P = 0.025), ACEi/ARB (P = 0.861) in 77–82% but
varying between subgroups, and ARNI in 10.4% (P = 0.001). Pa-
tients who tolerated MRA treatment well (group 4) achieved
the highest treatment rates: BB were used in 98% of the cases,
ACEi/ARB in 82%, and ARNI in 17%. In contrast, naive patients
to MRA treatment (group 1) achieved the lowest treatment
rates: BB were used in 92% of the cases, ACEi/ARB in 79%,
and ARNI in 4%. However, this patient group had more often
patients of older age, with a higher prevalence of hypotension
and lower eGFR compared with group 1 (Table 2).

The rate and magnitude of incident
hyperkalaemia: Overall and between subgroups

Hyperkalaemia occurred in 37 patients (5.9) at baseline and
154 patients (24.4) within 6 months after the initiation/up-
titration of GDMT. However, the increase in the incidence
of hyperkalaemia differed greatly among the subgroups. In

group 1 (42.5% of the study population), the observed in-
crease of incident hyperkalaemia was 467% (from 6% at base-
line to 28%, 6 months later), in group 2 (7.0% of the study
population) 801% (from 6.8% at baseline to 54.5% 6 months
later), in group 3 (9.0% of the study population) 578% (from
8.8% at baseline to 50.9%, 6 months later), and in group 4
(41.4% of the study population) 200% (from 5.0% at baseline
to 10%, 6 months later) (all P > 0.0001). In contrast to groups
2–4, 6% of patients naive to MRA treatment (group 1) had
hyperkalaemia registered at baseline. For patients in group
1, despite no treatment with MRA, hyperkalaemia increased
by 467% (central illustration). The incidence of borderline
hyperkalaemia in group 1 increased by 204%, from 7.5% to
15.3%. In the total study population, there was a 2.7-fold in-
creased risk of hyperkalaemia within 6 months after the up-
titration of GDMT (Table 3).

Central illustration. Prevalence of documented
hyperkalaemia and borderline hyperkalaemia and patients
at potential risk of hyperkalaemia in the total study popula-
tion at baseline and 6 months after established HFrEF diag-
nosis.

Table 1 Characteristics of patients at baseline or before baseline categorized by treatment with or without MRA 6 months after
established HFrEF diagnosis

Total MRA Non-MRA
P valuen = 630 n = 305 n = 325

Age (IQR) 69 (59, 76) 66 (56, 74) 71 (63,78) <0.0001
Male, n (%) 431 (68.4) 227 (74.4) 204 (62.8) 0.002
EF (mean ± SD) 29.4 (6.8) 30.6 (6.4) 28.0 (7.0) 0.022
Systolic BP (mmHg) (IQR) 123 (110, 136) 123 (110, 135) 123 (110, 137) 0.694
Diastolic BP (mmHg) (IQR) 74 (66, 84) 75 (69, 86) 72 (65, 82) 0.017
Heart rate (bpm) (IQR) 78 (66, 94) 77 (65, 93) 79 (68, 94) 0.268
NTproBNP (IQR) 3840 (1810, 7520) 3530 (1743, 6633) 4310 (1820, 8545) 0.041
eGFR, (IQR) 63 (51, 75) 67 (56, 76) 58 (44, 74) <0.0001

Co-morbidities
Total MRA Non-MRA P value

n = 630 n = 305 n = 325

Hypertension, n (%) 309 (49) 147 (48.2) 162 (49.8) 0.809
Diabetes mellitus, n (%) 141 (22.4) 67 (22) 74 (22.8) 0.436
IHD, n (%) 237 (37.6) 110 (36.1) 127 (39.1) 0.720
VHD, n (%) 33 (5.2) 15 (4.9) 18 (5.6) 0.510
AF, n (%) 277 (44) 130 (42.6) 147 (45.2) 0.001
COPD, n (%) 54 (8.6) 27 (8.9) 27 (8.3) 0.012
eGFR <30, n (%) 21 (3.4) 3 (1) 18 (5.6) 0.266
Cancer, n (%) 93 (14.8) 34 (11.1) 59 (18.3) 0.761
Stroke, n (%) 99 (15.8) 43 (14.1) 56 (17.3) 0.004

Medical
treatment

Total MRA Non-MRA P value
n = 630 n = 305 n = 325

ACEi/ARB, n (%) 502 (79.7) 246 (80.7) 256 (78.8) 0.0001
BB, n (%) 597 (94.8) 297 (97.4) 300 (92.3) 0.136
ARNI, n (%) 68 (10.8) 49 (16.1) 19 (5.8) 0.0001
SGLT2, n (%) 21 (3.3) 14 (4.6) 7 (2.2) 0.136

ACEi, angiotensin-converting-enzyme inhibitors; AF, atrial fibrillation; ARB, angiotensin II-receptor antagonist; ARNI, angiotensin receptor
neprilysin inhibitor; BB, beta-blockers; CHD, congenital heart disease; COPD, chronic obstructive heart disease; eGFR, estimated glomer-
ular filtration rate; IHD, ischaemic heart disease; IQR, interquartile range; NTproBNP, N-terminal prohormone of brain natriuretic peptide;
SGLT2i, sodium/glucose cotransporter 2 inhibitors; SD, standard deviation; VHD, valve heart disease.
Values are expressed as numbers (percentages) unless otherwise stated.
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Of the total population, 85.1% had hypokalaemia/
normokalaemia at baseline; within 6 months from baseline,
70.9% in the group with MRA with an unchanged dose still
had hypokalaemia/normokalaemia. In contrast, only 47.8%
had hypokalaemia/normokalaemia in the MRA-naive group,
27.3% in the group with the reduced MRA dose, and 33.3%
in the group that had MRA discontinued (P < 0.001)
(Figure 2).

Potassium binders were not used in clinical practice at the
three hospitals affiliated with Sahlgrenska during the study
period (2016–2019). Only one patient had potassium binders
three times a week 6 months after being diagnosed with
HFrEF.

In the MRA-naive group 87.5% had normokalaemia/
hypokalaemia at baseline; of these patients, 16.7% had bor-
derline, 22.4% mild, 5.7% moderate, and only 0.9% severe
hyperkalaemia during the 6-month follow-up. Of patients
who needed a dose reduction of MRA, 81.8% had
normokalaemia/hypokalaemia at baseline. Of these patients,
15.9% had borderline, 40.9% mild, 6.8% K moderate, and
6.8% severe hyperkalaemia at the 6-month follow-up. In the
group that had MRA discontinued, 84% had normokalaemia/
hypokalaemia at baseline. Of these patients, 12.5% had bor-
derline, 28.6% mild, 12.5% moderate, and 10.7% severe
hyperkalaemia during the 6-month follow-up. For patients

with an unchanged MRA dose, 86.2% had normokalaemia/
hypokalaemia at baseline. Of these, 9.1% had borderline,
9.5% mild, and 1.2% moderate hyperkalaemia during the 6-
month follow-up. No patients had severe hyperkalaemia
(P < 0.001 for potassium values within 6 months and sub-
groups) (P = 0.099 for values of potassium at baseline and
within subgroups) (Figure 3A–D).

Of the 5.9% that had hyperkalaemia at baseline, 56.8%
had no MRA treatment within the 6-month follow-up,
whereas 43.2% had treatment with MRA (P = 0.486)
(Figure 4).

When the study was conducted in the autumn in 2020,
which is a mean observation time of 13.4 (±SD 29.12)
months, 209 (80.1%) patients in the MRA-naive group still
did not have treatment with MRA, as well as 12 (27.3%) of
those patients that needed MRA dose reduction, 45 (78.9%)
in the group that had MRA discontinued, and 40 (15.3%) pa-
tients with unchanged dose of MRA that did not have treat-
ment with MRA in the autumn in 2020 (P < 0.001).

Physicians reasoning about MRA use

As a reason for refraining from MRA treatment,
hyperkalaemia was documented in the medical records by
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the attending physician in only 1.5% of the cases. In those
patients who needed a dose reduction or termination of
MRA treatment, physicians documented hyperkalaemia as
a cause of their action in 13.6% and 40.4% of the cases, re-
spectively. The investigator interpreted hyperkalaemia as a
reason of dose reduction of MRA in 46.3% of the cases
and as the reason for discontinuation of MRA in 42.1% of

the cases. In 8.2% of the cases, the investigator interpreted
hyperkalaemia as a reason for not prescribing MRA,
whereas recovered EF was interpreted to be the reason in
8.1% and waiting for up-titration of ACEi/ARB/ARNI and
BB in 10% of the cases. The investigator could not see any
reason for not prescribing MRAs in 27.6% of the cases, and
in 18.7% of the cases, the investigator interpreted it to be

Figure 3 Prevalence of documented hyperkalaemia at baseline and within 6 months from baseline within the four subgroups. (A) MRA-naive patients
(group 1). (B) Patients with dose reduction of MRA (group 2). (C) Patients with discontinuation (group 3). (D) Patients with unchanged MRA dose
(group 4).

Figure 2 K within 6 months from baseline in the 536 patients with hypokalaemia/normokalaemia at baseline.
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of less common reasons such as patient’s wish, missed in-
formation, and no follow-up within 6 months.

Exploratory analysis

Patients without MRA treatment from the hospital cohort
were compared with those with incident HF from SwedeHF,
registered within 6 months from HF diagnosis and matched

by age and sex. The exploratory analysis showed that the
use of MRA was not associated with a higher risk for 1-year
all-cause mortality within 1 year after baseline (Figure 5).

During the observation period, 14.2% of patients died in the
group that never received MRA, 27.2% in the group that
needed a dose reduction of MRA, and 17.5% in the group that
needed to cease treatment with MRA. Also, 9.6% of the pa-
tients with an unchanged dose of MRA died during the
follow-up period (P = 0.009).

Figure 5 Exploratory analysis of all-cause mortality between non-MRA of the current hospital cohort and the matched MRA group from the Swedish
Heart Failure Registry.

Figure 4 Patients with hyperkalaemia (K ≥ 5) at baseline and prescription of MRA within 6 months from baseline.
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During the mean observation period of 13.4 (±SD 29.12)
months, a Cox regression analysis showed that patients with
mild hyperkalaemia had an HR of 1.206 (CI 95% 0.914–1.590)
and patients with moderate hyperkalaemia had an HR of
0.859 (CI 95% 0.271–2.729) regarding mortality risk.

Discussions

Our study showed a significant increase in hyperkalaemia
during subsequent up-titration of HF therapy for documented
and expected risk of hyperkalaemia.

Incidence of hyperkalaemia and its magnitude in
general

The 2021 ESC guidelines for HF recommend using MRA as a
part of first-line therapy for patients with HFrEF.17 However,
recent studies have demonstrated suboptimal use of MRA
treatment. Approximately 40–56% of patients with HFrEF are
not treated with MRA worldwide.12 Underlying causes of the
under-use of MRA are multifactorial but are likely mainly
driven by the risk of hyperkalaemia. The reported incidence
of hyperkalaemia varies from 0.9 to 23%.16 In patients treated
with MRAS in randomized HF trials, the reported overall rate
of hyperkalaemia was 18% over 27 months in the
PARADIGM-HF trial,7 19% over 24 months in the RALES trial,20

and 11% over 21 months in the EMPHASIS-HF trials.8 More-
over, results showed that under-use of MRA was not associ-
ated with elevated potassium levels. Also, available data about
reported hyperkalaemia in real-life settings are insufficient to
explain the widespread under-use of MRA. Accordingly, it is
reasonable to assume that many clinicians do not prescribe
MRA in real-world clinical practice because of the anticipated
or expected risk of hyperkalaemia based on their empirical
clinical judgement. The documented occurrence of
hyperkalaemia alone does not entirely explain the widespread
under-use ofMRA in clinical practice. For the same reason, fur-
ther specification of the expected risk at the individual patient
level may provide additional data to better understand the un-
derlying causes of the under-use of MRAs.

By enrolling all patients with newly diagnosed HFrEF con-
secutively and all maximally up-titrated at the physicians’ dis-
cretion, we demonstrated that despite up-titration of GDMT
for 6 months, less than half of the patients (48.4%) remained
on treatment with MRA, which is in line with previous
studies.12 However, our results on patients with
hyperkalaemia differ from those previously reported.16

Hyperkalaemia was low at baseline (5.9%) but dramatically
increased to 24.4% after up-titration.

Incidence of hyperkalaemia and its magnitude
per subgroup with a focus on MRA-naive patients

The incidence of hyperkalaemia and its magnitude varied
considerably in our subgroups. Hyperkalaemia was present
in 5.9% of patients at baseline but increased to 24.4% (e.g.
414%) after the up-titration of GDMT in patients naive to
MRAs. In patients who were given a dose reduction of MRAs,
the incidence of hyperkalaemia increased by 801%. When
MRAs had to be discontinued, the incidence of
hyperkalaemia increased by 578%. Finally, hyperkalaemia in-
creased by 200% in patients with unchanged MRA therapy.
Indeed, up-titration successfully achieved its treatment goals
with BB and ACEi/ARB or ARNI as recommended by ESC
guidelines. For example, in those patients who were MRA-
naive, BB were used in 92% of the cases, ACEi/ARB in 79%,
and ARNI in 4%. Of note, these patients were older
(P < 0.0001) and had lower EF (P = 0.022), higher NTproBNP
(P = 0.017), lower eGFR (P = 0.001), and more co-morbidities
than patients in the other groups. In the total study popula-
tion, there was a 2.7-fold increased risk of hyperkalaemia
within 6 months after the initiation/up-titration of GDMT.
Our overall findings suggest the possibility that physicians re-
frain from prescribing MRA because of the anticipated risk of
hyperkalaemia. Considering that hyperkalaemia can cause
life-threatening heart rhythm or cardiac arrhythmias, sugges-
tion seems plausible. However, our data do not match previ-
ous findings showing that under-use of MRA was not associ-
ated with elevated potassium.11 A possible explanation for
this discrepancy may be that, in the previous study,12 registry
data about changes in potassium levels during up-titration of
GDMT were not available. In contrast, changes in potassium
levels during up-titration were essential in our study.

Our results provide new insight into
understanding the under-use of MRAs

Our study has added new knowledge about the underlying
cause of under-use of MRAs by differing from previous stud-
ies in the following aspects: (i) As stated above, we ensured
that all patients followed up-titration procedures to know
not only the time-dependent development of incident
hyperkalaemia but also its magnitude during up-titration.
This manipulation is essential as many HF medications affect
potassium levels. We observed more than a fourfold increase
in incident hyperkalaemia during up-titration. However, in a
previous study, hyperkalaemia was often reported either on
one occasion or cumulatively. (ii) Our study has shown that
the overall incidence of hyperkalaemia (5.9% at baseline
and 24.4% after up-titration) increased as did different clini-
cal phenotypes, which differed considerably. This issue is clin-
ically important given that patients from our HF population
were generally older with different co-morbidities, probably
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congruent with different tolerabilities.(iii) In this study, we
have shown for the first time the attributable relevance of
the potential risk of hyperkalaemia in addition to docu-
mented hyperkalaemia. This observation is crucial as docu-
mented hyperkalaemia cannot provide a complete picture
of the burden of hyperkalaemia. Consequently, this may ex-
plain why physicians in clinical practice do not prescribe
MRAs when they consider that the risk of developing
hyperkalaemia is high based on their clinical experience.
However, scientific evidence for this decision to prescribe
MRAs is incomplete. Our study also provides data on border-
line hyperkalaemia during up-titration to illustrate changes in
potassium levels. (iv) Our study cohort allows us to explore
individual patient data representative of real-world clinical
settings. Therefore, differences from previous studies that in-
cluded patients in randomized clinical trials and registries are
expected.

Our exploratory analysis showed that patients without
MRA treatment were at a higher risk for 1-year all-cause mor-
tality. However, because this is an observational study, only
conclusions about associations and not effects are warranted.
Despite using a matched cohort from the SwedeHF registry, it
is not suitable to draw any conclusions about the effective-
ness of MRAs. During the observation period, mild or moder-
ate hyperkalaemia did not affect HFrEF patients’ survival, a
finding congruent with the data from BIOSTAT-CHF that iden-
tified hyperkalaemia as a risk marker.11

Limitations

Like all natural retrospective studies, we had to accept that
some data would be lost, which we dealt with according to
prespecified principles. Because we identified eligible pa-
tients by using the ICD-10 codes I50.0–I50.9 for discharge di-
agnosis, patients that were hospitalized with newly onset
HFrEF but who had, for example, ischaemic heart disease or
atrial flutter as the principal diagnosis and HF as the second-
ary diagnosis were missed. However, those patients those pa-
tients were identified whether hospitalized again within
6 months from baseline and HF was defined as the principal
diagnosis. Another limitation is that only patients hospitalized
for newly onset HFrEF were included, but the sickest patients
who benefit the most from MRAs and have the biggest chal-
lenge regarding hyperkalaemia were included in the study.
The use of ARNI was suboptimal even though we included
ARNI treatment in our analysis. The study period was defined
from 1 January 2016 because ARNI was formally introduced
in Sweden in 2016. In accordance with the previous ESC
guidelines from 2016, ARNI as a medical choice came after
ACEi/ARB, BB, and MRAs. Besides, early initiation of treat-
ment with ARNI was not common as the studies on the safety
of ARNI were first published in 2019.21,22 Thus, a small num-
ber of patients on ARNI were expected. Another limitation is

the small sample size in two of the MRA subgroups; thus,
comparing the four subgroups should be done with some
caution. According to previous ESC guidelines, all patients
with HFrEF should achieve GDMT within 6 months after being
diagnosed. Despite this, the short time frame of 6 months in
our study to achieve GDMT was shown to be too short with
only 48.4% treated with MRA 6 months after established
HFrEF diagnosis. A sizable proportion of MRA-naive patients
might have received MRAs 12 months after baseline as physi-
cians might have prioritized ACEi/ARB/ARNI and BB up-
titration over initiation of MRAs during the first 6 months
of follow-up. Thus, it turned out that 48.6% of the study pop-
ulation were still not on treatment with MRA in the autumn
in 2020 when the study was conducted (P < 0.001).

Clinical implications

Despite compelling evidence for the clinical benefit of MRAs
and strong guideline-based directives for MRA use,
undertreatment of MRAs remains high in patients with
HFrEF. One concern is the risk of hyperkalaemia, which is en-
hanced by the up-titration of inhibitors of the renin–
angiotensin–aldosterone system and moderated by the up-
titration of ARNI. However, previously reported data on
hyperkalaemia are not only lacking but also unclear whether
the data refer to before or after the up-titration of HF medi-
cation. Most importantly, the potential risk of hyperkalaemia
is not taken into consideration. Our results seem to provide
comprehensive information about incident hyperkalaemia
and its magnitude before and after up-titration per clinical
phenotype, as well as the potential risk of hyperkalaemia in
addition to that documented in patient medical records.
Our data should help clinicians estimate the ‘real and poten-
tial’ risk of hyperkalaemia and, most importantly, provide tai-
lored therapy to HF patients by treating them with GDMT
while preventing hyperkalaemia, either by increasing the
use of ARNI and SGLT2 inhibitors, which may moderate the
risk of hyperkalaemia, or by adding a potassium binder in
those with a higher risk of hyperkalaemia.

Conclusions

Incident hyperkalaemia increased significantly during subse-
quent up-titration of HF therapy for documented and ex-
pected risk of hyperkalaemia but with varying magnitudes
in different clinical phenotypes. This observation in conjunc-
tion with greatly increased borderline hyperkalaemia during
up-titration might explain why many physicians are reluctant
to prescribe MRAs to patients with HFrEF.

Clinical perspective
Despite compelling evidence for the clinical benefit of MRAs
in patients with symptomatic HFrEF, MRA treatment remains
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under-used. It is unclear whether previously reported inci-
dent hyperkalaemia refers to the condition before or after
up-titration of HF medication. Another issue of concern is ig-
noring the potential risk of hyperkalaemia. In this study, we
reported incident hyperkalaemia and its magnitude before
and after up-titration and the potential risk of hyperkalaemia.
Such information will help clinicians better estimate
hyperkalaemia’s actual and potential risks.

Translational outlook
During initiation/up-titration with GDMT, both documented
hyperkalaemia and the expected risk of hyperkalaemia in-
creased, which might explain why clinicians are unwilling to
prescribe MRAs. Accordingly, accurately estimating the mag-
nitude of hyperkalaemia enables clinicians to provide tailored
therapy either by initiating SLGT2 inhibitors to ameliorate
hyperkalaemia or adding potassium binders when necessary.
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