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Aims Mineralocorticoid receptor antagonists (MRAs) improve outcomes in heart failure with reduced ejection fraction
(HFrEF) but remain underused and are often discontinued especially in patients with chronic kidney disease (CKD)
due to concerns on renal safety. Therefore, in a real-world HFrEF population we investigated the safety of MRA use,
in terms of risk of renal events, any mortality and any hospitalization, across the estimated glomerular filtration rate
(eGFR) spectrum including severe CKD.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods
and results

We analysed patients with HFrEF (ejection fraction <40%), not on dialysis, from the Swedish Heart Failure Registry.
We performed multivariable logistic regression models to investigate patient characteristics independently associated
with MRA use, and univariable and multivariable Cox regression models to assess the associations between MRA
use and outcomes. Of 33 942 patients, 17 489 (51%) received MRA, 32%, 45%, 54%, 54% with eGFR <30, 30–44,
45–59 or ≥60ml/min/1.73m2, respectively. An eGFR ≥60ml/min/1.73m2 and patient characteristics linked with
more severe HF were independently associated with more likely MRA use. In multivariable analyses, MRA use was
consistently not associated with a higher risk of renal events (i.e. composite of dialysis/renal death/hospitalization
for renal failure or hyperkalaemia) (hazard ratio [HR] 1.04, 95% confidence interval [CI] 0.98–1.10), all-cause death
(HR 1.02, 95% CI 0.97–1.08) as well as of all-cause hospitalization (HR 0.99, 95% CI 0.95–1.02) across the eGFR
spectrum including also severe CKD.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusions The use of MRAs in patients with HFrEF decreased with worse renal function; however their safety profile was
demonstrated to be consistent across the entire eGFR spectrum.
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Graphical Abstract

Mineralocorticoid receptor antagonist (MRA) use in severe chronic kidney disease and heart failure with reduced ejection fraction (HFrEF). CI,
confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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Keywords Heart failure • Heart failure with reduced ejection fraction • Chronic kidney disease •

Mineralocorticoid receptor antagonists • Registry • SwedeHF

Introduction
Chronic kidney disease (CKD) is highly prevalent in patients with
heart failure (HF) with reduced ejection fraction (HFrEF), and its
presence is a marker of HF severity.1 CKD has been repeatedly
shown as one of the major determinants of under-prescription,
under-dosing and discontinuation of HFrEF guideline-directed
medical therapies, leading to poorer outcome.2,3

Mineralocorticoid receptor antagonists (MRA) (spironolactone
and eplerenone) have shown to reduce the risk of death and HF
hospitalization in landmark randomized clinical trials (RCTs),4–6

and therefore have a class I, level of evidence A recommen-
dation in HFrEF international guidelines. American guidelines
recommend discontinuation whereas the European guide-
lines suggest caution together with halving of the dose if the
estimated glomerular filtration rate (eGFR) declines below
30ml/min/1.73m2, and discontinuation of MRA when the eGFR
reaches <20ml/min/1.73m2.7,8 Caution/contraindication to MRA
use in patients with severe CKD (eGFR <30ml/min/1.73m2) is
mainly due to the lack of data on their safety since these patients
were not enrolled in previous HFrEF RCTs.4–6

Despite the strong level of evidence supporting the efficacy
of MRA use in HFrEF, large-scale observational studies highlight
their underuse and frequent discontinuation in daily clinical
practice.9 Impaired kidney function, even with an eGFR ranging ..
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.. 30–60ml/min/1.73m2,10 is a major driver of underutilization likely

due to perceived safety concerns, although in post-hoc analyses of
RCTs MRAs were safe and effective irrespective of baseline renal
function despite the occurrence of worsening renal function and
at least until potassium values exceeds 5.5mEq/L.11,12

Recently, the STOP ACEi trial13 showed that among patients
with an eGFR <30ml/min/1.73m2 the withdrawal of renin–
angiotensin system inhibitors (RASi), as compared with their
continuation, did not prevent the progression to end-stage CKD.
While the nephroprotective effect of RASi and sodium–glucose
cotransporter 2 inhibitors (SGLT2i) is well established in patients
with CKD,14,15 it is unclear whether also MRAs may play a similar
role.16

Therefore, we sought to assess the safety of MRAs use in
patients with HFrEF and severe CKD (eGFR <30ml/min/1.73m2)
by evaluating the risk of renal outcomes, all-cause death and
all-cause hospitalization associated with MRA use across the eGFR
spectrum in a large, real-world HFrEF cohort, including patients
with severe CKD.

Methods
Data sources
We analysed data from the Swedish Heart Failure Registry (SwedeHF),
a nationwide health quality and research registry started in 2000 that

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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includes in- and outpatients with HF regardless of ejection fraction
(EF).17 Around 80 variables (online supplementary Table Appendix S1)
are recorded at discharge from hospital or at the outpatient visit,
which is the index date, and entered into an electronic database
managed by the Uppsala Clinical Research Center (Uppsala, Sweden).
Up to April 2017 the only inclusion criterion was a clinical diagnosis
of HF, which was thereafter defined according to the International
Classification of Diseases (ICD)-10 codes I50.0, I50.1, I50.9, I42.0,
I42.6, I42.7, I25.5, I11.0, I13.0, I13.2. Informed consent for patients’
inclusion is not required, but patients are informed of registration and
can opt out. In 2021, 69 of 76 Swedish hospitals enrolled patients in
SwedeHF, which had a 32% coverage of prevalent HF.18 The unique
personal identification number held by all Swedish residents enables
the linkage across several national administrative and quality registries.
Through the linkage of SwedeHF to Statistics Sweden we retrieved
data on socioeconomics, that is, income, level of education, living
environment (cohabitating vs. living alone). The linkage with the
National Patient Registry provided data on additional comorbidities
and on the outcomes all-cause hospitalization, hospitalization for renal
failure and hyperkalaemia. Through the Cause of Death Registry, we
obtained data on the outcomes all-cause and renal death. The National
Prescribed Drug Registry provided data on MRA dispensation at a
pharmacy. This study including the linkage across the above-mentioned
registries was approved by the Swedish Ethical Review Authority and
is conform to the Declaration of Helsinki.

Patients
We selected patients with HFrEF, defined as EF <40%, and not as EF
≤40% according to the recent universal definition and classification of
HF,19 since in SwedeHF EF is reported as a categorical variable (i.e.
<40%, 40–49%, >50%) in a majority of patients. MRAs were initially
proven to be effective in HFrEF patients with a New York Heart Asso-
ciation (NYHA) class III–IV in RALES in 1999 and with a NYHA class
II in EMPHASIS-HF in 2011.4,5 In order to reduce the bias related to
the initial restricted indication for MRA in patients with more severe
HF, that is, NYHA class III–IV, we included HFrEF patients registered
in SwedeHF in 2012 or later, when in the European HFrEF guidelines
MRAs received an indication in patients with NYHA class II–IV.20 The
last patient was included by 31 December 2020 and end of follow-up
was 31 December 2021. Patients on dialysis at the index visit and
registrations with missing entries for eGFR were excluded. If the same
patient was registered more than once, we selected the last record as
considered more representative of the most recent patient’s clinical
status and treatment (online supplementary Figure Appendix S1).

Definitions
Exposure to MRA and patients’ renal function was assessed at the
index date. Use of MRA was assessed through the National Pre-
scribed Drug Registry. A patient was considered as receiving MRA
if a dispensation was recorded 5months prior up to 14 days after
the index date. Given that a prescription last approximately 3months
and that its duration can be lengthened due to poor patient’s com-
pliance or external factors, we defined that MRA was discontin-
ued if there was no drug dispensation in the 5months prior up to
the end of follow-up. eGFR was calculated using the 2021 CKD
Epidemiology Collaboration equation from serum or plasma creatinine
measurements reported at the SwedeHF registration. eGFR was strat-
ified into four categories according to the Kidney Disease Improving ..
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kidney function (eGFR ≥60ml/min/1.73m2), mildly to moderately
decreased (eGFR 45–59ml/min/1.73m2), moderately to severely
decreased (eGFR 30–44ml/min/1.73m2), and severely decreased
(eGFR <30ml/min/1.73m2, excluding patients on chronic dialysis).21

Main outcome was 1-year risk of a renal composite of dialysis ini-
tiation or renal death or renal failure hospitalization or hyperkalaemia
hospitalization. We further analysed 1-year risk of all-cause death and
1-year risk of all-cause hospitalization to perform a comprehensive
safety analysis and as consistency analysis due to the risk of misclas-
sifying cause-specific hospitalization/mortality by using ICD-10 codes
diagnoses. ICD-10 codes used to define the outcome are reported in
online supplementary Table Appendix S1.

Statistical analysis
Patient characteristics of those receiving versus not receiving MRA
were compared in the overall population and within the four KDIGO
categories by Wilcoxon rank-sum test for continuous variables, and by
chi-squared test for categorical variables.

Multivariable logistic regression models were performed in the
overall study population to identify patient characteristics indepen-
dently associated with MRA use, which was entered in the model as
the dependent variable, with 38 variables, labelled with the letter b in
Table 1, as covariates. To assess whether the independent predictors
of MRA use differed across the renal function spectrum, additional
multivariable models were performed by including an interaction term
between each patient characteristic and the eGFR categories. Results
were reported as odds ratios (OR) and 95% confidence intervals (CI).

Univariable and multivariable Cox regression models were per-
formed to assess the association between MRA use and outcomes.
Models were adjusted for the variables labelled with the letter b in
Table 1. An interaction term between MRA use and eGFR category
was included in both, uni- and multivariable models to test whether the
association between MRA use and outcomes differed across the eGFR
classes. Results were reported as hazard ratios (HR) and 95% CI. The
proportional hazards assumption was verified by the assessment of the
Schoenfeld residuals and met.

Discontinuation of MRA was evaluated, given the short follow-up,
by assessing the dispensation at two time points: at the index date
(5months prior up to 14 days after the index date) and at the end of
the study (5months prior up to the end of follow-up).

Missing data for the variables included in the multivariable models
were handled by multiple imputation using the chained equations
method (n= 10). All analysis, except for descriptive statistics, were
performed on the imputed dataset. Variables included in multiple
imputation model are labelled with the latter a in Table 1, whereas
online supplementary Table S2 shows the proportion of missing records
for each variable.

Statistical analyses were performed by Stata 17.0 (Stata Corp LLC,
College Station, TX, USA). A p-value< 0.05 was considered statistically
significant.

Results
Between 1 January 2012 and 31 December 2020, 120199 patients
were included in SwedeHF. After applying the selection criteria,
33 942 patients were considered (online supplementary Figure

Appendix S1). Median age was 74 (interquartile range 65–81),
29% were women. The median eGFR was 68ml/min/1.73m2

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Changes in mineralocorticoid receptor antagonist use over the follow-up

MRA at
index date

MRA at the
end of follow-up

Overall eGFR<30 eGFR 30–44 eGFR 45–59 eGFR≥60

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

33 942 1834 (5%) 4538 (13%) 6702 (20%) 20 868 (62%)
No No 12 734 (37.5%) 1152 (63%) 2150 (47%) 2533 (38%) 6899 (33%)
Yes Yes 13 769 (40.5%) 406 (22%) 1378 (30%) 2681 (40%) 9304 (45%)
Yes No 3720 (11%) 178 (10%) 685 (15%) 911 (14%) 1946 (9%)
No Yes 3719 (11%) 98 (5%) 325 (7%) 577 (9%) 2719 (13%)

eGFR, estimated glomerular filtration rate (in ml/min/1.73m2 , calculated by the Chronic Kidney Disease Epidemiology Collaboration formula); MRA, mineralocorticoid
receptor antagonist.
MRA at index date yes: if a dispensation was recorded 5months prior up to 14 days after the index date. MRA at the end of follow-up yes: if a dispensation was recorded
5months prior up to the end of follow-up. MRA (no–no)=MRA no at the index date–MRA no at the end of follow-up. MRA (yes–yes)=MRA yes at the index date–MRA
yes at the end of follow-up. MRA (yes-no)=MRA yes at the index date–MRA no at the end of follow-up=MRA withdrawn. MRA (no-yes)=MRA no at the index date–MRA
yes at the end of follow-up=MRA started after index date.

(interquartile range 50–87); 62% had eGFR ≥60ml/min/1.73m2,
20% 45–59ml/min/1.73m2, 13% 30–44ml/min/1.73m2 and 5%
<30ml/min/1.73m2 (online supplementary Table S3).

A total of 17 489 (51%) patients were on MRA at the index
date. The use of MRA decreased with worse renal function,
that is, 54%, 54%, 45%, 32% with eGFR ≥60, 45–59, 30–44,
<30ml/min/1.73m2, respectively (Table 1). During follow-up
(10± 2.93months), 11% of patients, consistently across the eGFR
spectrum, discontinued MRA. MRA was initiated after the index
date in 11% of patients, with an increasing proportions in higher
eGFR classes (Table 2).

Baseline characteristics according
to mineralocorticoid receptor antagonist
use at baseline
In the overall population, MRA treated and untreated patients
differed for most baseline characteristics (Table 1). Those receiving
MRA were younger, more likely male, followed up in specialty
care and had higher potassium. Although they had characteristics
linked with more severe HF (i.e. higher NYHA class, lower EF
and higher use of HF medical and device therapy), they had
lower N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels. They were more likely to have hypertension, diabetes, atrial
fibrillation, ischaemic heart disease and liver disease, but less likely
anaemia, history of cerebrovascular disease and cancer. The same
discrepancies between MRA users and non-users were found in
the subgroup of patients with eGFR <30ml/min/1.73m2, with
the exception of beta-blocker (BB) use and EF, which did not
significantly differ.

Independent associations
with mineralocorticoid receptor
antagonist use at baseline
In the overall cohort eGFR ≥60ml/min/1.73m2 was the strongest
independent predictor of MRA use (Figure 1). MRA use was
∼3- and ∼2-fold more likely, respectively, with an eGFR ≥60 ..

..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
. and 30–44ml/min/1.73m2 compared with <30ml/min/1.73m2.

Other relevant predictors were potassium >5mmol/L, more
severe HF (i.e. higher NYHA class, use of HF devices, diuretics),
use of BB, a later index year, presence of anaemia, history of
hypertension, obesity, liver and valvular disease. Patients followed
up in primary versus specialty care, with an EF >30%, an age
>70 years, hospitalized at the index visit as well as with a history
of cerebrovascular disease or cancer were less likely to receive
MRAs (online supplementary Table S4).

All these associations were consistent across the eGFR spec-
trum, except for lower EF, use of diuretics, use of BB, presence
of anaemia and history of hypertension, which were significantly
associated with MRA use only in higher eGFR classes. In patients
with eGFR <30 and 30–44ml/min/1.73m2, follow-up location was
not associated with the likelihood of receiving MRA; in contrast
in those with eGFR 45–59 and ≥60ml/min/1.73m2 a follow-up
in primary care was associated with lower likelihood of being
treated with an MRA. Ischaemic heart disease and history of
coronary revascularization were associated with MRA use only
in patients with normal renal function. Higher NT-proBNP levels
were associated with more likely MRA use in patients with normal
renal function but with lower likelihood in those with eGFR <30
and 30–44ml/min/1.73m2.

Outcomes
In the overall population, 5861 (17%) patients experienced
at least one event included in the composite renal endpoint
(i.e. dialysis initiation or renal death or renal failure hospital-
ization or hyperkalaemia hospitalization). The 1-year rate for
MRA users was 14.6 versus 17.5 per 1000 patient-years for
non-users, with an unadjusted HR of 0.83 (95% CI 0.79–0.88).
After adjustments the HR was 1.04 (95% CI 0.98–1.10) which
was consistent across the eGFR spectrum (p-interaction
0.29; Figure 2). Patients with an eGFR <30ml/min/1.73m2

had a crude HR of 0.88 (0.77–1.01) and an adjusted HR of
1.01 (0.87–1.17).

In the overall cohort, 5303 (15%) patients died from any cause.
One-year mortality rate was 12.9 per 1000 patient-years for

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Main independent predictors of mineralocorticoid receptor antagonist (MRA) use across the estimated glomerular filtration rate
(eGFR) spectrum. Other independent predictors are reported in online supplementary Table S4. ARNI, angiotensin receptor–neprilysin
inhibitor; BB, beta-blocker; CI, confidence interval; EF, ejection fraction; HF, heart failure; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; NYHA, New York Heart Association; OR, odds ratio; PAD, peripheral artery disease; RASi, renin–angiotensin system inhibitor.

Figure 2 Association between mineralocorticoid receptor antagonist (MRA) use, the composite outcome, all-cause death and all-cause
hospitalization across the estimated glomerular filtration rate (eGFR) spectrum. CI, confidence interval; HR, hazard ratio. *Significant
p-interaction (<0.05). [Correction added on 3 November 2023, after first online publication: The titles of the two plots in Figure 2 have
been added in this version.]

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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MRA use in severe CKD and HFrEF 2171

MRA users versus 15.9 for non-users, with a crude HR of 0.81
(95% CI 0.77–0.86). After adjustments the HR was 1.02 (95%
CI 0.97–1.08), which was consistent across the eGFR classes
(p-interaction 0.39). In patients with eGFR <30ml/min/1.73m2

crude and adjusted HR were 0.93 (0.81–1.08) and 1.07
(0.92–1.25), respectively (Figure 2).

Regarding any hospitalization, in the overall cohort 15 633 (46%)
experienced at least one hospitalization for any cause. One-year
rate for MRA users was 55.6 versus 60.5 per 1000 patient-years
for non-users, with a crude HR of 0.92 (95% CI 0.90–0.95). After
adjustments the HR was 0.99 (95% CI 0.95–1.02), which was
consistent regardless of renal function (p-interaction 0.46). Crude
and adjusted HR were 0.96 (0.85–1.08) and 1.03 (0.91–1.17),
respectively, in patients with eGFR <30ml/min/1.73m2 (Figure 2).

Discussion
In this real-world nationwide HFrEF population, 51% of patients
received an MRA. An eGFR ≥60ml/min/1.73m2 was found to be
the strongest predictor of MRA use among 38 patient characteris-
tics. In the multivariable Cox regression models, MRA use was not
associated with a higher risk of the 1-year composite renal end-
point as well as all-cause death and all-cause hospitalization. The
safety profile of MRA was consistent across the different eGFR
classes and notably also in patients with severe CKD (Graphical
Abstract).

Mineralocorticoid receptor antagonist
use and its predictors in heart failure
with reduced ejection fraction
In our real-world population, 51% of patients received an MRA,
which is higher compared with the recent CHAMP-HF registry
enrolling patients in 2015–2017 and showing a MRA use of 33%,22

and consistent with the ∼55% use in the European Society of
Cardiology HF Long-Term Registry (ESC-HF-LT) enrolling patients
in 2011–2013 as well as in the BIOSTAT-CHF study considering
patients between 2010 and 2015.23,24 Notably, we included patients
registered in 2012–2020, with MRA use approximating 60% in
Sweden in 2018.25 In our study, an eGFR ≥60ml/min/1.73m2 was
the strongest predictor of MRA use, which is consistent with
data from The Get With The Guidelines-HF registry considering
patients admitted for HF.26 We also showed that other independent
predictors of use were HF device use, index year >2016, diuretic
use and hyperkalaemia. Apart from higher NT-proBNP levels
and use of RASi/angiotensin receptor–neprilysin inhibitor (ARNI),
variables linked with more severe HF (higher NYHA class, lower EF,
and HF devices) were also associated with MRA use. This might be
explained by the sequential model for drug initiation recommended
by the previous guidelines, where MRA had an indication in patients
still symptomatic despite optimal therapy with BB and RASi, which
explains also our results of BB being a predictor of use.20 As
previously shown, patient characteristics associated with a better
tolerability profile, for example, younger age, hypertension and
obesity, were also associated with higher likelihood of receiving ..
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.. MRA.10,25 Use of diuretics predicted treatment with MRA, which

might be explained by the use of diuretics for reducing potassium
levels, as well as by the use of MRA as potassium sparing agent
in patients in need of diuretics and therefore sicker. Use of MRA
was more likely in patients with higher potassium levels, which
reflects a consequence rather than a cause of using MRA, that
is, reverse causality, and, as expected, in those with later year
of registration and follow-up in specialty care, which reflects the
natural process of MRA implementation over time and better care
in specialty centres, respectively. Some patient characteristics (e.g.
lower EF, use of diuretics, use of BB, anaemia, hypertension) which
predicted MRA use in the overall population did not consistently
perform in patients with severe CKD, which might be explained
by their role in MRA prescription being blunted by the impaired
renal function.

In agreement with previous studies,9,27 we found an 11% MRA
discontinuation rate at 1 year, which interestingly was consistent
across the different eGFR classes. This finding might be explained
by more likely prevalent rather than incident use of MRA in our
cohort, and therefore MRA might not have been discontinued
whether potassium levels were adequate and renal function stable
even if reduced over time since not perceived as particularly risky
and likely under a stricter monitoring of laboratory tests.

Safety of mineralocorticoid receptor
antagonist use in patients with severe
chronic kidney disease
Randomized clinical trials have demonstrated the efficacy and safety
of MRA in HFrEF patients regardless of baseline CKD status;
however, they did not include patients with severe CKD.4–6

Real-word studies can provide additional evidence to RCTs
for safety purposes, in particular in those subgroups of patients
poorly enrolled in RCTs. However, even in previous HFrEF obser-
vational studies, the representation of patients with severe CKD
was limited and renal outcomes were rarely evaluated. In a Swiss
retrospective cohort study including HF ambulatory patients, in
the subgroup of patients with CKD, treatment with MRA was
not associated with persistent renal function decline, acute kidney
injury or serious hyperkalaemia compared with RASi monother-
apy.28 However, of this 1430 patient cohort, only 110 had an eGFR
<30ml/min/1.73m2. Similarly, in a single-center Swedish retrospec-
tive study, investigating HFrEF patients with impaired renal function,
with a majority of them having stage 3 CKD, MRA use was not
associated with higher risk of worsening renal function as well as
of all-cause mortality.29

In the current analysis of a large HFrEF population from the
SwedeHF, 1834 patients with eGFR <30ml/min/1.73m2 were
included, and 32% of them were on treatment with an MRA, which
does represent the largest analysis in this setting. MRA use was
associated with a crude lower risk of 1-year renal events (including
renal death or need for chronic dialysis or renal failure hospitaliza-
tion or hospitalization for hyperkalaemia) in the overall population.
However, after adjustments no association was observed in the
overall population and consistenltly across the eGFR spectrum,

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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including also patients with severe CKD. The discrepancy between
unadjusted and adjusted findings could be explained, among several
reasons, by the better use of other HF medications among MRA
users, and in particular the better implementation of RASi/ARNI
which have a demonstrated nephroprotective effect.

A further finding of our study was that patients receiving MRA
were at lower crude risk of 1-year all-cause death and all-cause
hospitalization in the overall cohort. Once again, this result was
not confirmed in adjusted analyses, where no statistically significant
association was detected in the overall population and across the
eGFR spectrum, including also patients with severe CKD. Lack of
an association between use of MRA and lower risk of mortality as
well as all-cause hospitalization after adjustments in the real-world
setting is not surprising and has been previously explained by
residual confounding.30

Given the results of RCTs in HFrEF showing consistent effect
of MRAs in reducing mortality in patients with eGFR 30–60 and
≥60ml/min/1.73m2, our analysis showing that MRA use (prevalent
use in most cases) was safe in patients with severe as well as
non-severe and no CKD in a large HFrEF cohort might suggest
not to discontinue MRA due to impaired renal function because of
safety concerns, if close laboratory surveillance is possible. Novel
potassium binders could represent a useful strategy to support the
continuation of MRA treatments in the setting of CKD.31

Limitations
This was an observational study, and although we performed
extensive adjustments, causality cannot be established due to
likely presence of residual confounding. MRA use was considered
at the index date; however, discontinuations over time were
limited. We did not consider MRA dose down-titration but only
discontinuation since a majority of patients in Sweden receives
spironolactone 25mg.25 Use of novel potassium binders was not
analysed since it is overall very limited in Sweden. Despite ours is
the largest analysis that considered the use of MRA stratified across
the eGFR spectrum, the generalization of our results to the whole
spectrum of CKD is partly limited by the relatively low proportion
of patients with severe CKD receiving MRA, and therefore there
is chance that only ‘healthier CKD’ patients were on treatment.
Finally, in our analysis we did not consider SGLT2i use as they
received indication for HFrEF in Sweden only in 2021.

Conclusions
In a large nationwide cohort of HFrEF patients, use of MRAwas safe
across the entire eGFR spectrum although decreased with worse
renal function. Our findings might suggest not to encourage MRA
discontinuation in patients with severe CKD if strict laboratory
surveillance is feasible.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article. ..
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