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Abstract

Aims

Impaired renal function is a major contributor to the low proportion of mineralocorticoid

receptor antagonist (MRA) treatment in patients with heart failure with reduced ejection frac-

tion (HFrEF). Our aims were to investigate the impact of MRA treatment on all-cause mortal-

ity and worsening renal function (WRF) in patients with HFrEF and moderately impaired

renal function.

Methods

Retrospective data between 2010–2018 on HFrEF patients from a single-centre hospital

with estimated glomerular renal function (eGFR) < 60 ml/min/1.73 m2 were analysed. WRF

was defined as a decline of by eGFR� 20%.

Results

416 patients were included, 131 patients on MRA and 285 without MRA, mean age was 77

years (SD ± 9) and 82 years (SD ± 9), respectively. Median follow-up was 2 years. 128

patients (32%) experienced WRF, 25% in the MRA group and 30% in patients without MRA

(p = 0.293). In multivariable analysis, hospitalization for heart failure and systolic blood pres-

sure were associated with WRF (p = 0.015 and p = <0.001), but not use of MRA (p = 0.421).

MRA treatment had no impact on the risk of adjusted all-cause mortality (HR 0.93; 95% CI,

0.66–1.32 p = 0.685). WRF was associated with increased adjusted risk of all-cause mortal-

ity (HR 1.43; 95% CI, 1.07–1.89 p = 0.014). Use of MRA did not increase the adjusted over-

all risk of mortality even when experiencing WRF (HR 1.15; 95% CI, 0.81–1.63 p = 0.422).

Conclusion

In this cohort of elderly HFrEF patients with moderately impaired renal function, MRA did

not increase risk for WRF or all-cause mortality.
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Introduction

Moderately impaired renal function is a common reason for not initiating treatment with

Mineralocorticoid receptor antagonists (MRA) in clinical practice in patients with heart failure

with reduced ejection fraction (HFrEF) [1, 2], due to the fear of worsening renal function

(WRF) and hyperkalemia. WRF is commonly defined as an increase in serum creatinine (s-

creatinine) of more than 26.5 μmol/l or over 25% or as a decrease in eGFR over 20% and is an

WRF independent predictor of worse outcome in patients with HFrEF [3–6].

In landmark trials, MRA in addition to angiotensin-converting enzyme inhibitors (ACEI)/

angiotensin receptor blocker (ARB) and beta blockers (BB) has proven to decrease mortality

and hospitalization rates for patients with HFrEF [7–10]. A substantial underuse of particularly

MRA has been reported, as only about 33–42% of all eligible HFrEF patients are treated with

MRA [1, 10–13]. Reasons for undertreatment with MRA are mainly lower estimated glomeru-

lar filtration rate (eGFR) (<60 ml/min/1.73 m2), non-specialist care, milder New York Heart

Association (NYHA) functional class and no use of other heart failure therapy [1, 2, 14]. Fur-

thermore, use of evidence-based therapy is lower in patients with higher risk of mortality, sug-

gesting a “risk-treatment paradox”. A common explanation is concern for complications due

to WRF [15]. According to guidelines, if eGFR decreases below 30 ml/min/1.73 m2 or potas-

sium increases to>5.5 mmol/L during MRA use, the dose should be reduced by 50%. If eGFR

decreases below 20 ml/min/1.73 m2 or potassium increases to over 6.0 mmol/L that MRA

should be immediate discontinued [10].

Since impaired renal function is a major contributor to the low proportion of MRA treat-

ment in patients with HFrEF, our aims were to investigate all-cause mortality and factors asso-

ciated with WRF in patients with HFrEF and moderately impaired renal function that are

treated with MRA compared to patients not treated with MRA.

Methods

Ethical approval

This study complies with the Declaration of Helsinki. The Regional Ethical Review Board in

Umeå, Sweden has approved this study (registration number 2015/419–31). Patients’ medical

records are protected by confidentiality by the Public Access to Information and the Secrecy

Act but can be available for research purposes after an approval by an Ethical Review Board.

We did not obtain informed consent from the included patients, which was waived by the Eth-

ical Review Board.

Study design and patient population

This was a retrospective, observational, single-centre study.

Medical records were screened for all patients who received a diagnoses of heart failure

(International Classification of Diseases codes I50.X, I42.0, I42.6, I42.7, I42.9, I11.0, I13.0 and

I13.2) who had at least one contact with Heart Centre or Department of medicine at Umeå
University Hospital Sweden between 2010 and 2018. Both prevalent and incident patients

were included. All patients with Ejection Fraction (EF)� 40% and eGFR <60 ml/min/1.73 m2

were included. We excluded all patients who died before January 1, 2016.

Data collection

We manually collected data from the medical records regarding medical therapy, laboratory

data, clinical-, echocardiogram- and electrocardiography parameter. Renal function was classi-

fied into CKD classes by eGFR, with CKD 3 representing eGFR 30–59, CKD 4 representing
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eGFR 15–29 and CKD 5 eGFR <15 [16]. Patients were included from January 1, 2010, until

March 20, 2018. There were two data collection points. The index collection point for incident

cases were the time of first heart failure diagnosis, and for prevalent cases, who were diagnosed

before January 1 2010, the journal entry closest to this date. The follow-up data collection

point was the journal entry that was closest to the end of the data collection period. Data on

mortality were collected from January 1, 2010, until May 07, 2020.

In patients that discontinued MRA, medical records were scrutinized to find how many

patients that discontinued MRA treatment due to renal dysfunction.

Outcomes

The investigated outcomes in this study were decline in renal function, WRF and all-cause

mortality.

Definition of WRF

eGFR was computed according to the revised Lund-Malmö equation [17]. We defined WRF as

a decline of eGFR of at least 20% or more between index and follow-up [18].

Statistical analysis

All analyses were performed in IBM SPSS Statistics version 25. The two-tailed significance

level was set at p<0.05. Continuous variables are expressed as mean and standard deviation

(SD) when normal distributed and as medians with inter-quartile range (IQR) when not nor-

mal distributed. Categorical variables are presented as frequencies (percentage). Odds ratio

(OR) and hazard ratio (HR) are presented as estimate and 95% confidence interval (CI). Com-

parison of characteristics and differences in renal function was carried out with the Pearson χ2

test for categorical variables and Fisher exact test when appropriate. Students t test were used

for continuous values with normal distribution and Mann-Whitney U-test when not normal

distributed.

Multivariable logistic regression was used to assess factors associated with WRF. All covari-

ates were included in the analysis simultaneously. We defined WRF as a categorical value, as

present or not present, with a cut-off at 20%.

Kaplan-Meier estimator were used to construct cumulative survival groups for the On

MRA and No MRA groups. The primary comparison between the two groups were based on

the log-rank test. Association of all-cause mortality and MRA use was assessed with the Cox

proportional hazard model. We performed the analyse adjusting for the following covariates:

sex, age, index eGFR and WRF. Assumptions of proportionality of hazard were verified by log-

log plots.

Results

Patient characteristics

Out of a total of 4449 patients with heart failure, 2955 patients were alive January 1, 2019. We

excluded 17 patients that died within 1 month after heart failure diagnosis. 1137 patients

(26%) had LVEF�40%. 549 (48%) had eGFR < 60 ml/min/1.73 m2. Of the 549 patients we

compared the group who had MRA during both index and follow-up, the On MRA group

(N = 131) with the group without MRA at both index and follow-up, the No MRA group

(N = 285) without MRA at index and follow-up. Hence, a total of 416 patients were included

in the final analysis (Fig 1).
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Characteristics at index showed that patients On MRA and had about 5 months shorter fol-

low up time between the two s-creatinine values and the median follow-up was about 2 years.

The On MRA were followed 649 days and the No MRA were followed 799 days (p = 0.048).

When stratified, 42% were followed� 1 year, 33% were followed 1–3 years and 26% were fol-

lowed 3–6 years.17% in On MRA and 25% in No MRA were prevalent patients where the

index data collection was January 1, 2010 (p = 0.065). A majority of all patients were in CKD

class 3, 127 (97%) in On MRA and 225 (79%) in No MRA (p<0.001), although more patients

in No MRA were in lower CKD-classes.

Noteworthy, patients were equally distributed by treatment with ACEI/ARB, BB, female sex

and comorbidities. Index LVEF was lower in the On MRA group. (Table 1).

Effect of MRA on renal function

The On MRA group had a higher index eGFR compared to the No MRA group (48 vs 41 ml/

min/1.73 m2 p<0.001). Overall, 128 patients (32%) experienced WRF, 32 patients (25%) in On

MRA and 83 patients (30%) in No MRA (p = 0.293). When stratified in follow-up time, WRF

was more common with longer follow-up, but with no difference between the groups. (Fig

2A). During follow-up, both groups experienced similar decline in mean eGFR (ml/min/1.73

m2), with -0.86 (±14 S.D.) in On MRA and with -0.47 (±14 S.D.) in No MRA (p = 0.87)

(Fig 2B).

Serum-potassium (S-potassium) increased by a mean of 0.1 mmol/L in the On MRA group

compared decreased by a mean of to -0.02 in the No MRA group (p = 0.057) and there was no

difference on serious hyperkalemia (s-potassium >6.0 mmol/L) between the On MRA com-

pared to No MRA (3 (2%) vs 2 (0.7%), p = 0.183). At index, there was no difference in patients

Fig 1. Patient selection flow chart.

https://doi.org/10.1371/journal.pone.0258949.g001
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with moderate hyperkalemia (S-potassium >5mmol/L) between On MRA and No MRA

(n = 6 (5%) vs n = 19 (6%), p = 0.383). At follow-up, 10 patients On MRA (8%) had at least

moderate hyperkalemia and 15 patients in No MRA (6%) (p = 0.349).

Follow-up eGFR was missing for 12 (3%) patients, why a total of 404 patients were included

in the final analysis on decline in renal function. In multivariable analysis, hospitalization for

heart failure and systolic blood pressure at index were associated with WRF. Noteworthy, use

of MRA was not associated with WRF (Table 2). Finally, 50 patients discontinued MRA during

follow-up of whom 20 (40%) had WRF.

Table 1. Characteristics of patients according to MRA use.

Characteristic On MRA (n = 131) No MRA (n = 285) p
Female sex, n (%) 47 (36) 101 (35) 0.931

Age, y 77 ± (9) 82 ± (9) <0.001

EF, % 33 ± (9) 35 ± (9) 0.025

Medical history, n (%)

Diabetes 37 (28) 80 (28) 0.971

Hypertension 88 (67) 213 (75) 0.109

Coronary artery disease 73 (56) 145 (53) 0.495

CRT/CRT-D/ICD 70 (60) 155 (61) 0.895

Open heart surgery 31 (24) 79 (28) 0.407

Atrial fibrillation 39 (30) 82 (29) 0.885

Follow-up time, days (median (IQR)) 649 (740) 799 (678) 0.046

Inclusion 2010-01-01, n (%) 22 (17) 71 (25) 0.065

Physical examination

Heart rate, bpm 82 ± (22) 79 ± (20) 0.114

Systolic BP, mmHg 127 ± (19) 130 ± (20) 0.076

Diastolic BP, mmHg 75 ± (13) 74 ± (12) 0.572

BMI, n (%) 28 ± (5) 27 ± (5) 0.131

NT-proBNP (ng/L) (median (IQR)) 3140 (1338–8224) 3120 (1280–7448) 0.683

P-haemoglobin, mmol/L 133 ± (20) 128 ± (17) 0.003

P-Sodium, mmol/L 140 ± (3) 140 ± (3) 0.344

P-Potassium, mmol/L 4.3 ± (0.4) 4.3 ± (0.5) 0.448

Index eGFR, ml/min/1.73m2 48 ± (9) 41 ± (13) <0.001

CKD 3, n (%) 127 (97) 225 (79) <0.001

CKD 4, n (%) 2 (2) 51 (18) <0.001

CKD 5, n (%) 2 (2) 8 (3) 0.273

Medications, n (%)

ACEI/ARB 111 (85) 229 (80) 0.283

Beta-blocker 114 (87) 226 (79) 0.058

Loop diuretic 106 (92) 189 (77) 0.001

Thiazide diuretic 4 (6) 14 (8) 0.483

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist; EF, ejection fraction; CRT, Cardiac

Resynchronization Therapy; CRT-D, CRT with defibrillator; ICD, Implantable Cardioverter-Defibrillator; BP, blood pressure; BMI, body mass index; NT-proBNP, N-

terminal pro–B-type natriuretic peptide; eGFR, estimated Glomerular Filtration Rate; CKD, chronic kidney disease; RAAS-I, Renin-Angiotensin-Aldosterone System

Inhibitor; BB, beta blockade. a) Values are means and standard deviation (SD), no. (%), or median (interquartile range (IQR)) when appropriate. P values are from the

X2, Student t test, Mann Whitney U-Test or Fishers exact test as appropriate b) Coronary artery disease defined as either previous myocardial infarction or documented

stenosis of � 50%. c) Open heart surgery includes CABG/heart valve surgery/other.

https://doi.org/10.1371/journal.pone.0258949.t001
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Influence of MRA and renal function on survival

The On MRA group compared to the No MRA group had a higher probability of survival, log

rank p<0.001 (Fig 3). In total there were 221 deaths (53%). 45 (34%) in On MRA and 176

(62%) in No MRA deceased during the study time (p<0.001).

Use of MRA at index and follow-up did not increase the risk of all-cause mortality, when

adjusted for covariates (HR 0.93; 95% CI, 0.66–1.32 p = 0.685). Furthermore, higher index

eGFR lowered the risk of all-cause mortality (HR 0.97; 95% CI 0.96–0.98; p<0.001) (Table 3).

Worsening renal function, defined as>20% decline in eGFR, was associated with increased

all-cause mortality when adjusted for covariates (HR 1.43; 95% CI, 1.07–1.89 p = 0.014)

(Table 3).

When only including patients with WRF, there was 78 deaths (68%) in the 115 patients

with WRF, to be compare with 138 deaths (48%) for the 289 patients without WRF (p<0.001).

Nevertheless, use of MRA at index and follow-up did not increase the adjusted overall risk of

mortality even when experiencing WRF (HR 1.20; 95% CI, 0.64–2.26 p = 0.567) (S1 Table).

Discussion

Patients with HFrEF and reduced kidney function had a mortality rate of more than 53% with

a median follow-up time of 2 years in our study. Use of MRA was not associated with decline

Fig 2. A) Frequency of worsening renal function (WRF) stratified into follow-up time. B) Change in eGFR between index and follow-up.

https://doi.org/10.1371/journal.pone.0258949.g002

Table 2. Factors associated with worsening renal function.

Factor OR (95% CI) p
MRA 0.81 (0.48–1.35) 0.421

Age 1.02 (1.00–1.05) 0.100

Female Sex 0.65 (0.41–1.03) 0.069

eGFR index 1.01 (0.99–1.03) 0.285

Diabetes 1.11 (0.67–1.84) 0.673

SBT at index 1.01 (1.00–1.03) <0.015

Hospitalization for HF 2.13 (1.34–3.39) <0.001

OR, odds ratio; CI, confidence interval; MRA, mineralocorticoid receptor antagonist; eGFR, estimated Glomerular

Filtration Rate; SBT, systolic blood pressure; HF, heart failure. WRF is eGFR�20% between index and follow-up.

The OR and 95% CI are adjusted logistic regression.

https://doi.org/10.1371/journal.pone.0258949.t002
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in eGFR or worsening renal function. Moreover, MRA was not associated with adjusted all-

cause mortality in HFrEF patients with moderately reduced index eGFR. A third of all patients

developed WRF, regardless of treatment with MRA. Furthermore, in patients developing

WRF, MRA was not associated with adjusted all-cause mortality.

With an initial eGFR< 60 ml/min/1.73 m2, eGFR declined by a similar rate regardless of

MRA use. Although eGFR declined by 20% (WRF) in about a third of all patients, use of MRA

did not increase the risk of WRF. The mean decline in eGFR did not decrease below eGFR 30

ml/min/1.73 m2. If the patients that discontinued MRA would be added to the On MRA

group, the percentage of patients experience WRF would be slightly higher, 34% instead of

Fig 3. Kaplan-Meier survival plot for On MRA versus No MRA. Log rank p<0.001.

https://doi.org/10.1371/journal.pone.0258949.g003

Table 3. Adjusted risk of all cause-mortality in HFrEF patients with moderately impaired renal function.

Factors B p HR Lower 95% CI Upper 95% CI

Female Sex 0.032 0.827 1.032 0.78 1.37

MRA -0.273 0.685 0.930 0.66 1.32

WRF 0.354 0.014 1.425 1.07 1.89

Age 0.027 <0.001 1.027 1.01 1.04

eGFR index -0.028 <0.001 0.973 0.96 0.98

HR, hazard ratio; CI, confidence interval; MRA, mineralocorticoid receptor antagonist; eGFR, estimated Glomerular Filtration Rate; WRF is eGFR�20% between index

and follow-up. The OR and 95% CI are adjusted logistic regression.

https://doi.org/10.1371/journal.pone.0258949.t003
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32%. Unfortunately, data on eGFR at discontinuation was not available. Patients in the On

MRA group had a significantly higher index eGFR, which support previous findings that

patients approximating an eGFR of 30 ml/min/1.73 m2 are undertreated with MRA [2, 14].

Perhaps, the low number of patients treated with MRA on the lower range of eGFR are caused

by the clinical dilemma of applying results from clinical trials on an older and sicker real life

population, causing the treating physician to hesitate to initiate MRA, especially in patients

with impaired renal function [7, 9]. There was no difference in index s-potassium or change in

s-potassium between the groups during the follow-up and the number of patients with moder-

ate hyperkalemia was consistently low. However, since there are no available values between

index and follow-up, the real incidence of hyperkalemia not could be extracted from the

database.

WRF is an independent risk factor for mortality in patients with HFrEF [3, 6, 18]. While

previous studies have shown that patients with MRA more often experience WRF, use of MRA

was not associated with WRF in our study, even when stratified due to follow-up time [19, 20].

Notably, we had slightly higher background incidence of WRF in both groups than shown in

previous studies, which could be explained by moderately impaired renal function at index

and the high mean age [3, 6, 18]. The survival benefits associated with use of MRA in this

study were due to higher index eGFR and younger age among patients treated with MRA. In

large MRA trials such as RALES-HF, EPHASUS-HF, EMPHASIS-HF 17%, 17% and 27%

developed WRF when put on MRA which in all trials were significantly higher than the control

groups [19–21]. However, in all these studies, subgroup analyses showed that the overall bene-

fit of MRA was present in patients with moderately reduced impaired function at inclusion.

Hospitalization for heart failure was associated with WRF. An increased risk of WRF within

the first days of hospital admission has been demonstrated before, suggesting that decompen-

sated heart failure combined with the impact of therapy administrated upon admission con-

tributes to WRF [22]. Furthermore, higher index systolic blood pressure correlated with WRF.

Hypertension has previously been seen to correlate with WRF in heart failure patients, and as

many as 66% versus 70% of all patients in this study had a history of hypertension, which

could explain this correlation [23].

Overall, about 48% of all HFrEF patients had moderately impaired renal function, defined

as eGFR below 60 ml/min/1.73 m2 [6, 24]. Heart failure and chronic kidney disease (CKD) fre-

quently coexists. Heart failure is a risk factor for developing CKD due to reduced perfusion

and increased venous pressure, simultaneously CKD plays a role in the pathophysiology of

heart failure [25]. Patients with estimated glomerular function (eGFR) <30 ml/min/1.73 m2

have generally been excluded from randomized clinical trials in fear of WRF and intolerance,

causing lack of evidence for therapy with MRA in this group [10].

Despite this, previous studies shows that HFrEF patients benefit from Renin-angiotensin-

aldosterone system (RAAS) inhibitors to a further extent if WRF is present, probably because

of greater improvement of RAAS-blockade when RAAS is already overactivated [3, 15]. There

is some evidence that treatment with MRA has a reno-protective effect as elevated plasma lev-

els of aldosterone may contribute to worsening renal function by inducing endothelial dys-

function, left ventricular hypertrophy, and increased mortality [26, 27]. In this study of HFrEF

patients with moderately impaired renal function we had a mean age of 80 years and a high fre-

quency of comorbidities such as diabetes and hypertension. In patients with chronic kidney

disease or diabetic nephropathy, MRA has been shown to reduce macroalbuminuria and low-

ering blood pressure [28]. Further, in patients with chronic kidney disease MRA seems to

reduce proteinuria with a statistically significant, but clinically harmless, increase in potassium

[29]. In patients with diabetes MRA have been showed to reduce albuminuria >30% with a

reversible initial reduction in eGFR [30].
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Limitations

Observational data cannot definitively determine cause-and-effect relationships. This single-

centre study design limits the generalizability and external validity of the results. On the other

hand, the real-world heart failure population more accurately reflects patients with HFrEF and

moderately impaired renal function as our patients are older with more comorbidities that

usually are exclusion criteria in many randomized controlled trials.

We tried to compensate for the differences in follow-up time by stratify the outcomes of

WRF into follow-up time to determine how it affected the results. Since this study is This was a

retrospective, observational study it is inherited an uncertainty of events between index and

follow-up. For example, we could not calculate the incidence of hyperkalemia by only two s-

potassium values from index and follow-up. According to guidelines and clinical praxis, treat-

ment with MRA requires treatment with ACEI/ARB and BB in HFrEF why the correlation

between these drugs inhibit inclusion of RAAS-I or BB in the multivariable analysis [31]. On

the other hand, patients were equally distributed by treatment with ACEI/ARB and BB. Unfor-

tunately, the data in the medical records did not include information enough to assess New

York Heart Association (NYHA) function class. Further, more research is needed on the

patients that discontinued MRA.

Conclusions

We studied a real-world heart failure population with moderately reduced kidney function.

This group of patients had an overall high mortality rate and WRF were common regardless of

treatment with MRA or not. There were no signs of detrimental effects from MRA treatment

on survival or worsening renal function.

Supporting information

S1 Table. All-cause mortality in HFrEF patients with moderately impaired renal function

experience WRF during follow-up. MRA, mineralocorticoid receptor antagonist; eGFR, esti-

mated Glomerular Filtration Rate; WRF, Worsening Renal Function. WRF is eGFR>20%

between index and follow-up. eGFR is calculated by the revised Lund-Malmö equation form

S-Creatinine.
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