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Background: Use of medical therapies for heart failure (HF) patients with moderate kidney dysfunction is low. We hypothesized that 
lack of initiation of HF therapy reflects the clinicians’ reluctance in very elderly and frail patients more than kidney dysfunction itself.
Methods: HF patients were identified from nationwide registers between 2014 and 2021. Information was obtained on eGFR, frailty 
status, and prescription of HF therapy. Patients were divided into three groups: normal kidney function (eGFR ≥ 60); moderate kidney 
dysfunction (GFR between 30 and 59); and severe kidney dysfunction (GFR < 30). Multivariate Cox models were used to study the 
association of eGFR, age, and frailty with use of HF therapy.
Results: Of the 42,320 HF patients included those with lower eGFR were significantly older and frailer (median age 74.3 years and 
37.8% frail). The crude initiation rate of all three drug classes decreased with decreasing eGFR in a stepwise fashion. After adjusting 
for age and frailty status, initiation of MRA decreased with decreasing kidney function (moderate kidney function HR 0.80(95% CI 
0.77–0.84) and severe kidney function HR 0.24(0.21–0.27)). After adjusting for age and frailty status, initiation of RAS inhibitor and 
BB was not significantly lower for moderate kidney dysfunction (HR 0.97(0.93–1.02), and HR 1.06(0.97–1.16, respectively)). 
Initiation of RAS inhibitor was significantly lower for patients with severe kidney dysfunction, HR 0.45(0.41–0.50), but not for BB 
initiation HR 1.09(1.05–1.14).
Conclusion: In a real-world HF cohort, patients with moderate and severe kidney dysfunction were associated with reduced use of 
MRA irrespective of age and frailty. Reduced use of RASi was associated with severe kidney dysfunction, whereas for patients with 
moderate kidney dysfunction, reduced use was mainly driven by aging and frailty. Reduced use of BB seemed to be primarily 
explained by aging and frailty.
Keywords: heart failure, epidemiology, chronic kidney disease, guideline-directed medical therapy, real-world data

Introduction
The management of patients with heart failure (HF) in the presence of kidney dysfunction is complex. The frequent 
coexistence of these two conditions often results in a poorer prognosis,1 and patients with heart failure and kidney 
dysfunction tend to be older, frailer, and have a greater number of comorbidities compared to those without kidney 
dysfunction.2–4 In addition, when kidney dysfunction is present, as indicated by an estimated glomerular filtration rate 
(eGFR) of less than 60 mL/min/1.73 m2, there is a tendency to underutilize HF therapy, resulting in a risk-treatment 
paradox. This means that patients who have a higher risk of mortality are actually treated with fewer disease-modifying 
medical therapies.5 As patients with HF and coexisting kidney dysfunction, older age, and frailty are considered a high- 
risk group, it is especially crucial to optimize HF therapy in this population.
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While non-use of certain HF therapy in patients with HF with an eGFR<30 mL/min/1.73 m2 may be appropriate, this 
is not the case for use of HF therapy in patients with eGFR between 30 and 59 mL/min/1.73 m2.6 The reason for the 
undertreatment of HF therapy in patients with HF and eGFR between 30 and 59 mL/min/1.73 m2 is less clear. Although 
this may reflect concern about kidney dysfunction per se, low eGFR is often inextricably linked to advanced age and 
frailty and it may be these associated problems that lead to undertreatment.

Therefore, in this real-world cohort study of patients with HF across the entire spectrum of eGFR, we evaluated the 
association of eGFR at baseline on the initiation of renin-angiotensin-system (RAS) inhibitors, mineralocorticoid 
receptor antagonists (MRA) and betablockers (BB) before and after adjustment for age and frailty status.

Methods
Data Sources
We obtained the data for this study from Danish nationwide registers, which include information on all Danish citizens 
through the unique personal number assigned to each individual in the Civil Registration Registry.7 Specifically, we 
utilized data from four national registries in Denmark: (i) The Danish National Patient Registry, which contains data on 
all hospital in- and outpatient contacts using the 10th edition of the International Classification of Diseases (ICD-10) 
codes,8 (ii) the National Prescription Registry, which contains information on all medical prescriptions filled at Danish 
pharmacies categorized by the Anatomical Therapeutic Chemical Classification System (ATC) codes,9 (iii) the Danish 
Registry on Regular Dialysis and Transplantation, which holds complete information on all Danish citizens undergoing 
chronic kidney replacement therapy,10 and (iv) the Register of Laboratory Results for Research, which stores laboratory 
test results from four out of the five administrative regions in Denmark.11

Study Population and Outcome
We included all patients aged 18 to 95 years with a first-time registered primary in-hospital or outpatient HF diagnosis 
between January 1, 2014, and December 31, 2021. Baseline was defined as the day of HF diagnosis, and patients were 
followed until the initiation of HF therapy, emigration, death, or end of study period (Supplemental Figure 1). Patients 
were included in the study if they had a creatinine plasma sample taken within 90 days prior to being diagnosed with HF. 
If more than one creatinine measurement was performed in this period, the most recent measurement prior to the HF 
diagnosis was selected. Patients were excluded if they died during initial admission. Patients who were receiving the 
therapy of interest were excluded from the analysis of each drug class. Patients were divided into three groups based on 
their measured kidney function at inclusion, 1) eGFR ≥60 mL/min/1.73 m2; 2) eGFR between 30 and 59 mL/min/ 
1.73 m2; 3) eGFR <30 mL/min/1.73 m2), calculated with the 2021 CKD-EPI creatinine formula which has been shown to 
be superior to other estimations of kidney function.12

The primary outcome was the initiation of HF therapy, including RAS inhibitors, MRA, and BB. Details on HF 
medication and corresponding ATC-codes are provided in Supplemental Table 1. Angiotensin receptor neprilysin 
inhibitor (ARNi) were not included because the Danish HF guidelines require patients to have attempted RAS inhibitors 
prior to initiating ARNi.13 Additionally, sodium-glucose cotransporter-2 inhibitors were not included in the analysis as 
they were only recently introduced in Denmark on March 1, 2021.

Variables
To evaluate frailty, we utilized the Hospital Frailty Risk Score, which is an established method for identifying frailty risk 
based on ICD-10 diagnosis codes obtained from administrative health registers. We categorized patients into three groups 
based on their frailty risk score: low, intermediate, and high. The Hospital Frailty Risk Score has been demonstrated to be 
as effective as or better than other frailty or risk stratification tools.14 For more information on the selection and scoring 
of the frailty variable, please refer to Supplemental Table 2.

Comorbidities were identified from registered ICD-10 codes up to five years before inclusion (Supplemental Table 3). 
Concomitant medication at baseline was defined as at least one redeemed prescription up to 180 days before inclusion 
based on ATC codes (Supplemental Table 3). Plasma potassium, sodium, and haemoglobin were determined up to 90 
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days before inclusion. Anaemia was defined according to WHO criteria (7.7 mmol/l (13 g/dl) in men and 7.4 mmol/l (12  
g/dl) in women)15 and hyponatraemia was defined as plasma sodium below 135 mmol/l.16

Statistics
Baseline descriptive data were presented as percentages for categorical variables and as medians with interquartile ranges 
(IQR) or means with standard deviation (SD) for continuous variables, as appropriate. The Pearson χ2 and Kruskal– 
Wallis tests were used to compare differences for categorical and continuous variables, respectively.

We estimated and compared the six-month rates of HF therapy initiation using cumulative incidence functions with 
the Aalen-Johansen estimator, accounting for the competing risk of all-cause mortality or censoring due to emigration or 
end-of-study. We employed four multivariable Cox proportional hazard models to evaluate the association between age 
and frailty on the relationship between kidney function and HF therapy initiation. Model 1 was unadjusted, model 2 
adjusted for sex, diagnostic setting (inpatient vs outpatient), calendar year, concomitant comorbidity, pharmacotherapy, 
and age, model 3 adjusted for sex, diagnostic setting (inpatient vs outpatient), calendar year, concomitant comorbidity, 
pharmacotherapy, and frailty status, and model 4 was the fully adjusted model with both age and frailty status included. 
We tested the model assumptions, such as the linearity of continuous variables, proportional hazard assumption, and lack 
of clinically meaningful interactions, and found them to be valid.

Supplemental Analysis
We performed an additional analysis on a subgroup of patients with HF and reduced ejection fraction (HFrEF), as 
determined by a previously validated method.17 This analysis aimed to examine the cumulative incidence of the initiation 
of MRA treatment and identify factors associated with MRA use. Additionally, we investigated the impact of the baseline 
potassium level on the initiation of HF therapy in a supplemental analysis.

All data management and analyses were conducted using SAS, version 9.4 (SAS Institute, Cary, NC, USA), and R (R 
version 4.2.1, R Foundation for Statistical Computing). A two-sided p-value of <0.05 was considered statistically significant.

Ethics
In Denmark, retrospective register-based studies do not require ethical approval. The Danish Data Protection Agency 
approved our data access with the approval number P-2019-393.

Results
Of the 52,633 patients identified, 10,313 (19.6%) did not meet the inclusion criteria, leaving a final cohort of 42,320 
patients with HF (Figure 1).

Study Demographics
The baseline characteristics of the study population for each eGFR subgroup are presented in Table 1. The median age 
was 74.3 years [IQR 57.4–91.2], and 26,208 patients (61.9%) were male. Mean eGFR was 66.8 mL/min/1.73 m2 (SD 
34.6). At baseline, 32.4% of patients had an eGFR between 30 and 59 mL/min/1.73 m2 and 7.5% had an eGFR <30 mL/ 
min/1.73 m2. Those with lower eGFR were significantly older and frailer. Lower eGFR was associated with male sex, 
outpatient diagnosis, and a higher use of beta-blockers, loop-diuretics, glucose-lowering drugs, and platelet inhibitors at 
baseline. Similarly, the prevalence of ischaemic heart disease, peripheral artery disease, and cancer was higher for 
patients with lower eGFR. Overall, the use of devices was very rare.

HF Therapy Initiation According to eGFR at Baseline
Figure 2 shows six-month initiation rates for HF therapy according to eGFR at baseline. For patients with no prior 
prescription of RAS inhibitor treatment, the initiation rate decreased with decreasing eGFR in a stepwise fashion 
(Figure 2a: 61.2% for patients with eGFR ≥60 mL/min/1.73 m2, 48.2% for patients with eGFR between 30 and 
59 mL/min/1.73 m2 and 22.0% for patients with eGFR <30 mL/min/1.73 m2). A similar pattern of decrease in rates of 
MRA initiation by eGFR categories was noted (Figure 2b: 35.5% for patients with eGFR ≥60 mL/min/1.73 m2, 24.7% 
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for patients with eGFR between 30 and 59 mL/min/1.73 m2 and 6.4% for patients with eGFR <30 mL/min/1.73 m2). 
Similarly, there was a graded, significant decrease in initiation rates of BB initiation by eGFR categories (Figure 2c: 
60.6% for patients with eGFR ≥60 mL/min/1.73 m2, 51.6% for patients with eGFR between 30 and 59 mL/min/1.73 m2 

and 40.7% for patients with eGFR <30 mL/min/1.73 m2).

Frailty Status and Age
To examine the impact of frailty and age on the likelihood of initiating HF therapy, we carried out four Cox regression 
models (Figure 3). After adjusting for age and frailty, the association between eGFR and RAS inhibitor initiation only 
remained significant for patients with eGFR <30 mL/min/1.73 m2 (hazard ratio (HR) 0.45; 95% CI 0.41–0.50, P < 0.001, 
Figure 3a). For MRA initiation, the association was significant for both patient groups with eGFR between 30 and 
59 mL/min/1.73 m2 (HR 0.80; 95% CI 0.77–0.84, P < 0.001) and eGFR <30 mL/min/1.73 m2 (HR: 0.24; 95% CI 0.21– 
0.27, P < 0.001, Figure 3b). For BB initiation, after adjusting for age and frailty there was a slightly higher rate of 
initiation for patients with eGFR between 30 and 59 mL/min/1.73 m2 (HR 1.09; 95% CI 1.05–1.14, P < 0.001), whereas 
the association for patients with eGFR <30 mL/min/1.73 m2 was not significant (HR 1.06, 95% CI 0.97–1.16, P = 0.186, 
Figure 3c). Table 2 shows the corresponding hazard ratios (HR) for the fully adjusted model for the initiation of HF 
therapy. The analysis conducted on a subgroup of patients with HFrEF yielded comparable findings for the MRA 
treatment (Supplemental Figure 2). Furthermore, a higher baseline potassium level was found to be associated with lower 
rates of initiating all three classes of HF therapy, with the most notable impact observed for MRA and RAS inhibitors 
(Supplemental Figure 3).

Discussion
Main Findings
In a real-world HF cohort encompassing the entire spectrum of eGFR, we found that patients with moderate and severe 
kidney dysfunction were associated with reduced use of MRA irrespective of age and frailty. The reduced use of RASi 
displayed a combination of factors, where severe kidney dysfunction was associated with lack of initiation, while for 
patients with moderate kidney dysfunction, lack of initiation was mainly driven by aging and frailty. The reduced use of 
BB conversely seemed to be explained by aging and frailty more than kidney function per se. Barriers to prescription of 
HF therapy should not be eGFR between 30 and 59 mL/min/1.73 m2, or advanced age and frailty. Outcomes for these 
patients could be improved with appropriate education about the safety and efficacy of HF therapy in older and frailer 
individuals with moderate kidney dysfunction.

Figure 1 Flowchart. 
Abbreviations: HF, heart failure; eGFR, estimated glomerular filtration rate.
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Table 1 Baseline Characteristics of the Study Population at Time of HF Diagnosis Stratified According to eGFR at 
Baseline

eGFR ≥60 eGFR 30–59 eGFR <30 P-value

Individuals, No. (%) 25,438 13,723 3159

Age, No. (%) <0.001

<65 8930 (35.1) 1241 (9.0) 327 (10.4)

65≤age<80 11,719 (46.1) 5758 (42.0) 1132 (35.8)

≥80 4789 (18.8) 6724 (49.0) 1700 (53.8)

Male sex, No. (%) 16,500 (64.9) 7904 (57.6) 1804 (57.1) <0.001

Frailty score, median [IQR] 2.3 [0.0;6.0] 4.2 [1.4;9.0] 7.9 [3.8;13.7] NA

Frailty risk group, No. (%) <0.001

Low 17,731 (69.7) 7574 (55.2) 1033 (32.7)

Intermediate 6325 (24.9) 4713 (34.3) 1448 (45.8)

High 1382 (5.4) 1436 (10.5) 678 (21.5)

Plasma creatinine, mean (SD) 77 (16) 117 (23) 278 (180) <0.001

Plasma potassium, median [IQR]* 4.0 [3.9;4.1] 4.0 [3.9;4.3] 4.0 [3.9;4.5] NA

Outpatient primary diagnosis, No. (%) 16,496 (64.8) 7297 (53.2) 1399 (44.3) <0.001

Pharmacotherapy, No. (%)

Beta-blocker 11,459 (45.0) 7522 (54.8) 1877 (59.4) <0.001

Renin-angiotensin inhibitor 13,419 (52.8) 8101 (59.0) 1613 (51.1) <0.001

Mineralocorticoid receptor antagonist 2790 (11.0) 2164 (15.8) 364 (11.5) <0.001

Loop diuretics 8303 (32.6) 7652 (55.8) 2303 (72.9) <0.001

Glucose-lowering drugs 4244 (16.7) 3057 (22.3) 974 (30.8) <0.001

Thiazide diuretics 2628 (10.3) 1722 (12.5) 290 (9.2) <0.001

Anticoagulants 7587 (29.8) 5937 (43.3) 1160 (36.7) <0.001

Antiplatelets 9541 (37.5) 5442 (39.7) 1432 (45.3) <0.001

Comorbidity, No. (%)

Ischemic heart disease 7828 (30.8) 4336 (31.6) 1189 (37.6) <0.001

Peripheral arterial disease 1008 (4.0) 796 (5.8) 301 (9.5) <0.001

Atrial fibrillation 6721 (26.4) 5411 (39.4) 1130 (35.8) <0.001

Anemia** 6962 (27.4) 5782 (42.1) 2227 (70.5) <0.001

Hyponatremia*** 2081 (8.2) 1048 (7.6) 321 (10.2) <0.001

Cancer 1985 (7.8) 1252 (9.1) 363 (11.5) <0.001

Device 382 (1.5) 225 (1.6) 50 (1.6) 0.568

Notes: *Among 39,988 patients (94.5%) who had available data on potassium levels at inclusion. Not normal distributed. **According to WHO 
definition of anemia. Among 38,929 patients (92.0%) who had available data on haemoglobin levels at inclusion. ***Defined as plasma sodium below 135 
mmol/l. Among 40,023 patients (94.6%) who had available data on sodium levels at inclusion. 
Abbreviations: eGFR, estimated glomerular filtration rate; IQR, interquartile ranges; No., number; SD, standard deviation.
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Frequency of Advanced Aging and Frailty Status According to eGFR
Among patients with HF, the prevalence of kidney dysfunction as defined by eGFR <60 mL/min/1.73 m2 is high. We 
found that 39.9% of HF patients had kidney dysfunction at the time of HF diagnosis. The prevalence of CKD in HF 
patients varies depending on the severity of HF and the criteria used to define CKD. Data on HF patients admitted for 
acute HF including both new onset and worsening HF have shown a higher burden of kidney dysfunction of 60–65%.5 

Our data are the first, to our knowledge, from both an in- and outpatient HF cohort. In this real-world population of 
incident HF patients, the proportion of individuals above 80 years was substantial, especially among patients with eGFR 
<60 mL/min/1.73 m2 where approximately 50% of the patients were above 80 years of age. This proportion is higher 
than reported in large HF trials. In addition to older age, decreasing eGFR was associated with a higher prevalence of 
greater frailty. This is in accordance with the SGTL2 inhibitor trials DELIVER18 and DAPA-HF.19

Figure 2 Six-month initiation rates of HF therapy treatment according to eGFR at baseline. (a) RAS inhibitor treatment. (b) MRA treatment. (c) BB treatment.

Figure 3 Cox proportional hazards models for HF therapy initiation according to eGFR at baseline. (a) RAS inhibitor treatment. (b) MRA treatment. (c) BB treatment. 
Notes: Model 1: Unadjusted model. Model 2: Adjusted for sex, diagnostic setting, calendar year, concomitant comorbidity, plasma potassium, pharmacotherapy, and age. 
Model 3: Adjusted for sex, diagnostic setting, concomitant comorbidity, plasma potassium, pharmacotherapy, and frailty status. Model 4: Fully adjusted model, adjusted for 
sex, diagnostic setting, concomitant comorbidity, plasma potassium, pharmacotherapy, age, and frailty status.
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Table 2 Multivariate adjusted Hazard Ratios and 95 % Confidence Interval for 
HF therapy initiation

HR (95% CI)* P-value

RAS inhibitor Kidney function at baseline

eGFR ≥60 Reference

eGFR 30-59 0.97 (0.93-1.02) 0.198

eGFR <30 0.44 (0.40-0.49) <0.0001

Age

<65 Reference

65≤age<80 1.00 (0.96-1.05) 0.847

≥80 0.72 (0.69-0.75) <0.0001

Frailty risk group

Low Reference

Intermediate 0.72 (0.69-0.75) <0.0001

High 0.49 (0.45-0.53) <0.0001

MRA Kidney function at baseline

eGFR ≥60 Reference

eGFR 30-59 0.80 (0.77-0.83) <0.0001

eGFR <30 0.24 (0.21-0.27) <0.0001

Age

<65 Reference

65≤age<80 0.97 (0.93-1.01) 0.111

≥80 0.68 (0.64-0.71) <0.0001

Frailty risk group

Low Reference

Intermediate 0.84 (0.81-0.88) <0.0001

High 0.60 (0.56-0.66) <0.0001

BB Kidney function at baseline

eGFR ≥60 Reference

eGFR 30-59 1.09 (1.05-1.14) <0.0001

eGFR <30 1.06 (0.97-1.16) 0.186

Age

<65 Reference

65≤age<80 0.91 (0.87-0.95) <0.0001

≥80 0.61 (0.58-0.65) <0.0001

(Continued)
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Initiation of HF Therapy
In the present study, we showed that HF patients with severe kidney dysfunction (eGFR < 30 mL/min/1.73 m2) had 
a significantly lower initiation rate of all three classes of HF therapy. These findings are in accordance with the CHAMP- 
HF registry, where kidney dysfunction was associated with lower HF therapy utilization in outpatient setting.20 This is 
particularly concerning given the high-risk nature of combined kidney dysfunction and HF. Pivotal HF RCTs have 
previously excluded patients with severe kidney dysfunction,21–23 leading to limited information on the safety and 
efficacy of commonly used HF therapies in this patient group. Therefore, recommendations for patients with severe 
kidney dysfunction must be extrapolated from subgroup analyses. Recent trials with novel HF drug classes have included 
patients with eGFR from 15–29 mL/min/1.73 m2.24–26 MRA is recommended for HF patients with eGFR≥30 mL/min/ 
1.73 m2 according to both American and European guidelines for HF.27,28 However, there are no similar contraindica
tions for BB,29 and RAS inhibitors can be cautiously initiated at lower dosage and with more intensive monitoring. The 
guidelines recommend 1A level of recommendation for the three classes of HF therapy for HFrEF patients but not for 
HFmrEF and HFpEF patients. It is crucial to acknowledge that not all patients in our study met the criteria for HF 
therapy, which is a notable limitation. Nevertheless, subgroup analyses involving HFrEF patients yielded comparable 
findings. It is worth mentioning that the evolving trend in HF treatment is moving towards considering all patients with 
heart failure, EF for appropriate interventions and therapies.

The lack of initiation of BB and RAS inhibitors in this patient group may reflect clinicians’ reluctance to extrapolate 
the results from RCTs to daily clinical practice. Specifically, there may be concerns about the risk of developing 
hyperkalemia, which is particularly pronounced in patients with CKD, especially for the use of MRA and RAS inhibitors. 
Our data suggests that moderately elevated baseline potassium levels, which are not considered a contraindication, are 
associated with lower rates of initiation for all three classes of HF therapy, with the most significant impact observed for 
MRA and RAS inhibitors. In light of the poor prognosis of this high-risk population, it is important to treat eligible 
patients with available HF therapy and to target further RCTs on developing novel, safe, and effective treatments for HF 
patients with concomitant severe kidney dysfunction as well as include patients with severe kidney dysfunction in RCTs 
with existing therapies.

For HF patients with moderate kidney dysfunction (eGFR 30–59 mL/min/1.73 m2), where there is a clear guideline 
indication for treatment and ample evidence on the efficacy and safety,6 the suboptimal use of RAS inhibitors and BB with 
decreasing kidney function was driven largely by advanced age and worse frailty status. Whether this observation reflects 
treatment inertia in elderly and frail patients with kidney dysfunction or a focus on treatment of quality of life and symptoms 
with diuretics instead of initiation of disease-modifying therapies cannot be deduced from our results. Age-related changes in 
renal function can lead to reduced eGFR, but this does not necessarily imply that older patients are unable to tolerate HF 
therapy.30 In fact, older patients with HF are often in need of effective management to improve their outcomes. Frailty should 
also not be a barrier to the prescription of HF therapy. While frailty can increase the risk of adverse events,31 the benefits of HF 
therapy in improving patient outcomes in frail patients have been well-established.18,19,32

Table 2 (Continued). 

HR (95% CI)* P-value

Frailty risk group

Low Reference

Intermediate 0.73 (0.70-0.76) <0.0001

High 0.51 (0.47-0.55) <0.0001

Notes: *In addition, adjusted for concomitant pharmacotherapy, comorbidity, outpatient status and 
sex (estimates not shown). 
Abbreviations: eGFR, estimated glomerular filtration rate; HR, hazard ratio; CI, confidence interval; 
RAS, renin-angiotensin receptor antagonists; MRA, mineralocorticoid receptor antagonist; BB, 
betablocker.
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For MRA, we observed that moderate kidney dysfunction was associated with a lack of initiation of MRA even after 
adjustment for age and frailty status. Lack of initiation of MRA is, therefore closer associated with moderate kidney 
dysfunction than for RAS inhibitors and BB, and this lack of initiation of MRA is not guideline-based as the evidence of 
efficacy and safety of MRA for patients with moderate kidney dysfunction is well-established.33 This is in accordance with 
previous studies that have suggested that physicians are overly cautious about moderately reduced kidney function.34

Methodical Considerations
The major strength of this study is that it included a large population of HF patients in Danish national registries both 
out- and inpatient diagnostic setting and had minimal loss-to-follow-up. We examined HF patients across the entire 
spectrum of eGFR using the creatinine-based CKD-EPI formula to estimate eGFR, which is more accurate than the 
MDRD (Modification of Diet in Renal Disease) equation for eGFR estimation used by previous studies.35

There are some limitations to be acknowledged. First, the major limitation is inherent in the observational design of 
the study, which limits causal inference based on the observed differences. Secondly, only baseline levels of creatinine 
were considered. Due to the repeated measurements of creatinine in HF patients, it can be difficult to determine which 
one should be included in the analyses. However, we mitigated this issue by prespecifying the creatinine measurement 
taken just before the HF diagnosis limiting the knowledge of the effect on kidney function after initiation of HF therapy. 
Third, the study population consisted of HF patients with reduced, mid-range, and preserved ejection fraction, and the 
lack of data on LVEF can influence the results as patients with preserved ejection fraction are more likely frail and elder. 
The study lacked data on clinical and lifestyle parameters such as blood pressure including hypotension, NT-proBNP, 
albuminuria, smoking, socioeconomic status, and body composition which may have resulted in residual and unmeasured 
confounding which may have affected the strength of association between advanced kidney dysfunction and the different 
outcomes. Especially hypotension in elderly patients can presumably explain some part of the lack of initiation of HF 
therapy. Lastly, we used the Hospital Frailty Risk Score to define frailty.14 This is a risk score, which relies solely on 
a patients’ medical history rather than also incorporating clinical measurements.

Clinical Perspectives
In this study, we observe that 8% of newly diagnosed HF patients have severe kidney dysfunction at the time of diagnosis 
and these patients rarely are initiated in RAS inhibitors and MRAs. Furthermore, 32% of HF patients have moderate 
kidney dysfunction, where lack of initiation of RAS inhibitors and BB in this patient group seem to be explained by 
advanced age and severe frailty status in contrast to lack of initiation of MRA that seem to be explained by kidney 
dysfunction. Focus on the optimal care and future RCTSs of these high-risk patients with kidney dysfunction, advanced 
age and frailty is needed. It may be appropriate to prioritize improving quality of life as a treatment goal for some 
patients, while focusing on preventing the progression of HF in others. Barriers to prescription of HF therapy should not 
be moderate kidney dysfunction, or advanced age and frailty.

Conclusion
Despite increasing focus on the optimization of HF therapy, we found that HF patients with moderate and severe kidney 
dysfunction was associated with reduced use of MRA irrespective of age and frailty. Further, reduced use of RASi was 
associated with severe kidney dysfunction, while for patients with moderate kidney dysfunction, reduced use was mainly 
driven by aging and frailty. Reduced use of BB seemed to be explained by aging and frailty more than kidney function 
per se.

Abbreviations
HF, Heart failure; eGFR, Estimated glomerular filtration rate; LVEF, Left ventricular ejection fraction; ICD-10, 
International Classification of Diseases, Tenth Revision; RAS, Renin-angiotensin-system; BB, Beta-blocker; MRA, 
Mineralocorticoid receptor antagonist; ARNi, Angiotensin receptor neprilysin inhibitor; SGLT2, Sodium-glucose cotran
sporter-2; RCT, Randomized clinical trials.
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