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Abstract

Background: Recent advancements in heart failure (HF) therapy have significantly en-
hanced the management of patients across all phenotypes of left ventricular ejection fraction.
However, these multidrug regimens frequently induce alterations in renal function by in-
fluencing intrarenal hemodynamics, thereby modifying glomerular capillary pressure. This
phenomenon could result in a mild to moderate decline in estimated glomerular filtration
rate (eGFR), often classified as “worsening kidney function.” This nomenclature stems
from consistent observations of eGFR reductions recorded during HF treatment in clinical
trials. This narrative review aims to elucidate why the observed eGFR declines in clinical
practice may represent either loss of functioning glomeruli or pharmacologically mediated
reductions in intraglomerular pressure that ultimately safeguards long-term renal and
cardiovascular outcomes. Methods: By a comprehensive re-examination of data from
HF clinical trials conducted with various classes of medications, all affecting eGFR, we
sought to provide evidence that the decline in eGFR is associated with the activation of
specific mechanisms that collectively contribute to a reduction in glomerular filtration
pressure, a prominent factor in maladaptive neurohormonal responses. Results: From the
investigation of angiotensin-converting enzyme inhibitors to the more recent non-steroidal
mineralocorticoid receptor antagonist, the renal effects of these therapeutic regimens corre-
late with improvements in patient outcomes. The data consistently indicate that an early
decline in eGFR, when coupled with an enhancement in HF outcomes, is associated with
a more gradual decline in eGFR during long-term follow-up. Conclusions: Clinicians
should recognize early declines in eGFR as indicators of favorable intraglomerular hemo-
dynamic adjustments that mitigate maladaptive neurohormonal responses and contribute
to improved long-term outcomes in patients with HF.
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1. Introduction
Recent advances in heart failure (HF) therapies have revolutionized patient manage-

ment across the spectrum of left ventricular ejection fraction (LVEF). However, changes
in renal function—reflected by alterations in creatinine levels and glomerular filtration
rate (GFR)—are commonly observed during treatment with evidence-based multidrug
regimens. This is expected, given the close physiological interplay between the heart and
kidneys in HF. Chronic kidney disease (CKD) markedly worsens HF outcomes [1], while
HF itself is a leading driver of CKD progression in the general population [2]. Consequently,
CKD is the most prevalent comorbidity among patients with HF [3].

Moreover, specific pharmacodynamic properties of HF therapies influence intrarenal
hemodynamics, affecting the kidney’s capacity to maintain glomerular filtration pressure
and regulate electrolyte and protein handling. This can lead to reductions in GFR, termed
“worsening renal function” (WRF), often associated with HF medications endorsed by
international guidelines [4].

Numerous studies have consistently reported declines in estimated GFR (eGFR) during
HF treatment, ranging from 5–10 mL/min/1.73 m2 with angiotensin-converting enzyme
inhibitors (ACEis) [5] and angiotensin receptor blockers (ARBs) [6], to approximately
4 mL/min/1.73 m2 with sodium glucose cotransporter 2 inhibitors (SGLT2is) [7] and
2.4–6 mL/min/1.73 m2 with mineralocorticoid receptor antagonists (MRAs) [8].

Notably, WRF has been defined by an increase in serum creatinine or estimated
GFR (eGFR), but there is no univocal definition of WRF. Initially, a creatinine increase
of ≥0.3 mg/dL, with graded severity, was used. However, eGFR-based assessment has
since been preferred because the creatinine–GFR relation is nonlinear and severity strata
better predict mortality and hospitalization than a single binary cutoff. The minimal
entity of eGFR reduction considered relevant for prognostic purposes is 20–25% [9], but
in randomized controlled trials, greater percentage reductions have also been considered.
Moreover, the term WRF also encompasses acute declines in renal function that may
occur during decongestive therapy. Importantly, it is essential to distinguish these
hemodynamically driven reductions in GFR from progressive, irreversible declines due
to pathological loss of functioning glomeruli. The implications of WRF arising from
structural nephron loss differ substantially from those of GFR reductions observed
during guideline-directed HF therapy, which often raise concerns among clinicians,
particularly when CKD coexists [10]. Understanding the underlying pathophysiological
mechanisms during HF treatment is critical to accurately interpreting changes in GFR
and serum creatinine (sCr), thereby optimizing the use of available therapies to improve
HF outcomes.

2. Renal Physiology and Heart Failure Hemodynamics
At birth, each kidney contains approximately 950,000 nephrons, with no capacity for

new-nephron formation. As individuals mature, nephron size increases to meet rising
metabolic demands. Despite significant fluctuations in systemic blood pressure, renal
physiology maintains stable filtrate production through autoregulatory mechanisms [11].

This autoregulation, governed by the renal Starling forces, preserves glomerular
filtration by modulating glomerular capillary pressure and filtration rate. Local and sys-
temic neurohormonal pathways adjust the tone of the afferent arteriole (AA), efferent
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arteriole (EA), as well as podocytes and mesangial cells within the glomerular capillary
network [12,13]. This intricate system maintains the hydraulic conductivity of the filtration
barrier, allowing plasma molecules of up to 42 nm to pass into the filtrate while restricting
larger molecules, such as albumin (approximately 75 nm) [14,15]. The oncotic pressure
generated by plasma albumin counteracts the hydrostatic filtration pressure, finely tuning
the filtration rate and capillary surface area. The coordinated function of these glomerular
components enables efficient filtration even amid systemic hemodynamic variations. For
simplicity, assuming constant barrier conductivity and stable oncotic forces tied to plasma
albumin, the single-nephron GFR primarily depends on glomerular capillary pressure.

Loss of nephrons due to injury or aging leads to compensatory increases in filtration
pressure and glomerular hypertrophy, preserving the “renal reserve” via Starling adapta-
tions [13–15]. However, in HF, reduced cardiac output and arterial underfilling activate
baroreceptors, signaling diminished effective circulating volume to the kidneys. This triggers
a nephron-centric response characterized by elevated norepinephrine spillover and excessive
activation of the renin–angiotensin–aldosterone system (RAAS). These processes preferentially
dilate the AA via adenosine action generated by the breakdown of adenosine triphosphate to
adenosine in the tubuloglomerular apparatus while constricting the EA by effect of angiotensin
II, thereby sustaining glomerular filtration pressure to preserve filtrate production [16].

This compensatory mechanism, however, becomes maladaptive. The intimate link be-
tween glomerular filtration dynamics and neurohormonal activation fosters sodium retention,
volume overload, and further renal endocrine stimulation [14,16,17]. During acute HF decom-
pensation, venous congestion, rather than reduced cardiac output, is the principal driver of
renal dysfunction. Elevated central venous and intra-abdominal pressures raise renal venous
pressure, lowering effective perfusion and impairing glomerular and tubular function [18].
Autoregulatory increases in filtration fraction preserve the GFR but the resultant surge in
glomerular filtration pressure often leads to functional proteinuria, especially when preex-
isting damage impairs mesangial, podocyte, or tubular integrity. Excessive intraglomerular
pressure compromises the filtration barrier, accelerating nephron loss [14,17]. In this setting,
true hypoperfusion causes renal injury mainly in cardiogenic shock [18].

Multiple factors disrupting glomerular filtration homeostasis help explain why differ-
ent endogenous modulators may independently elevate the single-nephron GFR, influenc-
ing renal reserve and contributing to GFR decline.

By comparing the pathophysiology of heart failure with reduced ejection fraction (HFrEF)
with that of heart failure with preserved ejection fraction (HFpEF), it becomes evident that the
two conditions share more differences than similarities. Heart failure with reduced ejection
fraction is primarily characterized by low cardiac output, which significantly impairs renal
perfusion, thus activating RAAS and the sympathetic nervous system. Consequently, renal
excretory function becomes highly dependent on increased intraglomerular filtration pressure.
HFpEF, in contrast, is characterized by endothelial dysfunction, systemic and myocardial
inflammation, and normal or near-normal resting cardiac output. A hallmark of HFpEF is the
rapid rise in pulmonary pressure with minimal exertion, reflecting an exaggerated increase in
left ventricular end-diastolic pressure, leading to pulmonary vascular congestion and high
central venous pressure [18]. This disruption of pulmonary and systemic hemodynamic
balance explains why in HFpEF, renal function typically improves with effective decongestion
rather than with increases in forward perfusion.

This narrative review aims to elucidate why the observed eGFR declines in clinical
practice may represent either loss of functioning glomeruli or pharmacologically mediated
reductions in intraglomerular pressure that ultimately safeguards long-term renal and
cardiovascular outcomes [19]. From a methodological point of view, all randomized
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controlled trials evaluating ACEis/ARBs/ARNis, MRAs, and SGLT2is in CHF patients
were identified by searching MEDLINE, Embase, CENTRAL, and ClinicalTrials.gov.

3. Angiotensin-Converting Enzyme Inhibitors (ACEis) and Angiotensin
Receptor Blockers (ARBs)

Renal concerns in advanced heart failure (HF) have been noted since the CONSENSUS
trial in 1987, which first evaluated ACE inhibitors (ACEis) in HF. sCr initially increased by
10–15% (10–20 mmol/L) within three weeks, persisting up to six months. At 24 weeks, sCr
rose by 20% in patients with baseline sCr < 1.43 mg/dL versus 11% in those with baseline
values > 1.43 mg/dL, with low blood pressure being the strongest predictor of sCr rise in
severe HF [20].

A 2000 analysis of the SOLVD trial in patients with HF, reduced ejection fraction
(HFrEF) and moderate renal impairment treated with enalapril found declining creati-
nine clearance was associated with increased mortality (HR per 30 mL/min decrease, 1.24;
95%CI 1.09–1.42) [21], raising concerns over ACEi-induced creatinine increases. However, a
subsequent SOLVD analysis over a decade later showed that early eGFR declines (>20% at
day 14) were not linked to worse outcomes, and continued therapy conferred survival benefits
(HR 0.66; 95%CI 0.5–0.9) [22]. A later post hoc SOLVD analysis confirmed lower hazard rates
with enalapril, whereas placebo was associated with higher mortality, concluding that early
renal worsening with ACEi initiation is generally benign and does not negate long-term bene-
fits. Moreover, the rate of kidney function decline during follow-up independently predicted
mortality, regardless of baseline renal function or HF worsening [23].

The introduction of ARBs further clarified the impact of angiotensin II blockade. In
the CHARM trial, involving patients with HFrEF (<40% LVEF) or HF with mildly reduced
(HFmrEF) or preserved (HFpEF) ejection fraction (>40% LVEF) and creatinine < 3.0 mg/dL,
eGFR was a stronger prognostic indicator than LVEF. Risks of the primary endpoint (car-
diovascular death or hospitalization for HF) and all-cause mortality significantly increased
when eGFR was <60 mL/min/1.73 m2, independent of ARB treatment effects [24].

Further CHARM analyses showed greater eGFR declines with candesartan versus
placebo in both HFrEF and HFpEF, without a treatment-by-outcome interaction [25]. An
evaluation of vo revealed that microalbuminuria (30%) and macroalbuminuria (11%)
were prevalent across phenotypes and associated with increased hazard ratios (HR 1.43;
95%CI 1.21–1.69 and HR 1.75; 95%CI 1.39–2.20, respectively), underscoring urinary albumin–
creatinine ratio (UACr) as a robust HF outcome marker [26].

The Valsartan in HF Trial (Val-HeFT) data on HFrEF patients highlighted proteinuria’s
independent association with mortality (HR 1.2; 95%CI 1.01–1.62) and first morbid event
(HR 1.28; 95%CI 1.06–1.55), independently of CKD status [23]. Valsartan similarly reduced
eGFR in CKD (mean of −3.6 mL/min/1.73 m2) and non-CKD (mean of −4.0 mL/min/1.73 m2)
patients but still lowered adverse event risks, distinguishing drug-induced eGFR changes from
disease progression [27,28].

4. Angiotensin Receptor Neprilysin Inhibitor (ARNI; Sacubitril/Valsartan)
In the PARADIGM-HF trial, sacubitril/valsartan reduced the primary composite outcome

and all-cause mortality by ~20% compared with enalapril in HFrEF [29]. The cohort had a mean
eGFR of 70 ± 20 mL/min/1.73 m2, 33% had CKD and 24% had micro/macroalbuminuria. Dur-
ing the run-in, eGFR declined more with enalapril (−0.6 vs. 0.0 mL/min/1.73 m2), suggesting
potential long-term renal benefits. However, during follow-up, sacubitril/valsartan showed
slower eGFR decline (−1.61 vs. −2.04 mL/min/1.73 m2/year) despite a greater increase in
UACr (1.20 vs. 0.90 mg/mmol) [30].
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This pattern mirrored the PARAMOUNT findings [31], with albuminuria increases
being attributed to heightened natriuretic peptide activity, as also seen in studies where
atrial natriuretic peptide raised albuminuria, which reversed upon ARNI withdrawal [32].
A PARADIGM-HF subanalysis stratified by KDIGO risk showed that patients with
high/very-high risk (26%) had the highest CV event rates (HR 14.9 per 100 person-years;
95%CI 12.7–17.6). Across KDIGO strata, sacubitril/valsartan maintained a consistent safety
and efficacy profile [33,34].

The PARAGON-HF trial in HFpEF nearly reached statistical significance for reducing heart
failure hospitalizations (hHFs) or CV mortality (HR 0.87; 95%CI 0.75–1.01). Sacubitril/valsartan
reduced renal decline by 1.4% vs. 2.7% with valsartan (HR 0.50; 95%CI 0.33–0.77) [35]. The
eGFR initially fell in ~10% of PARAGON-HF versus 11% of PARADIGM-HF run-in participants
but partially recovered by week 16 regardless of treatment changes [36].

Longitudinal analyses showed that sacubitril/valsartan consistently slowed chronic
eGFR decline versus valsartan (−2.0 vs. −2.7 mL/min/1.73 m2/year) [37]. Further evaluation
indicated that accelerated eGFR decline started 12 months before hHF, continued thereafter,
and only modestly slowed in patients without subsequent hospitalizations [38]. These find-
ings emphasize sacubitril/valsartan’s nephroprotective role and their renal contributions to
cardiovascular benefits [39].

Notably, in PARAGON-HF, women (51.6% of HFpEF patients) experienced greater early
eGFR dips with ARNIs (p = 0.006) yet derived pronounced reductions in hHF risk (HR 0.67;
95%CI 0.53–0.85), a benefit not seen in men (HR 1.07; 95%CI 0.85–1.34) [36,40]. This suggests
that early eGFR declines in women should not deter guideline-recommended ARNI use.

Table 1 summarizes the effects of ACEis, ARBs and ARNIs.

Table 1. Effects on glomerular filtration rate and cardiovascular outcome in main studies performed
with inhibitors of renin angiotensin system.

Study Population
Characteristics Mean eGFR *

Mean Early Renal Function
Changes in Treated Arm vs.

Control Arm

SOLVD Treatment and
Prevention (Cumulative):
Enalapril vs. Placebo [5]

Number: 6245;
Age: 59 ± 10 years;

LVEF: <35%

Treatment: 69.5 ± 19
Prevention: 76.2 ± 18

Treatment: −27.3 (−33–21)
Prevention: −12.8 (−17.4–8.4)

CHARM Program
Candesartan
vs. Placebo [24]

Number: 2405;
Age: 65 ± 12 years;

Males: 68%;
Diabetes: 38%;

Mean LVEF 39%

71 ± 27 Creatinine increase > 25% at
6 weeks 16% vs. 25%

PARADIGM HF
Sacubiril/Valsartan vs.
Enalapril [36]

Number: 8096;
Age: 64 ± 11 years;

Males: 78%;
Diabetes: 35%;

LVEF: 31%

68 ± 19 Run-in eGFR decline > 15%
in 11% of patients

PARAGON-HF
Sacubiril/Valsartan vs.
Enalapril [37]

Number: 4665;
Age: 73 ± 8 years;

Males: 52%;
Diabetes: 43%;

LVEF: 58%

63 ± 19 Run-in eGFR decline > 15%
in 10% of patients
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Table 1. Cont.

Mean Chronic Renal
Function Changes in

Treated Arm vs. Control
Cardiovascular Outcomes

SOLVD Treatment and
Prevention (Cumulative):
Enalapril vs. Placebo [5]

Treatment
−27.3 (−33–21)

Prevention
−12.8 (−17.4–8.4)

Mortality in placebo vs. enalapril group:
- CKD patients: 45% vs. 42%
(HR, 0.88; 95%CI, 0.73–1.06; p = 0.164)
- Non-CKD patients: 36% vs. 31%
(HR, 0.82; 95%CI, 0.69–0.98; p = 0.028)

CHARM Program
Candesartan vs.
Placebo [24]

Creatinine increase > 25%
at 6 weeks 16% vs. 25%

Candesartan reduced both sudden death
(HR 0.85 [0.73 to 0.99], p = 0.036) and death from
worsening HF

PARADIGM HF
Sacubiril/Valsartan vs.
Enalapril [36]

Run-in eGFR
decline > 15%

in 11% of patients

CV death/hHF:
- Enalapril vs. sacubitril/valsartan resulted in no GFR decline:
13.08 (95%CI: 12.27–13.96) vs. 10.46 (95%CI: 9.74–11.23)
events/100 person years (HR: 0.79; 95%CI: 0.72–0.87))
- Enalapril vs. sacubitril/valsartan resulted in eGFR decline:
14.24 (95%CI: 11.93–17.08) vs. 9.70 (95%CI 7.93–11.96)
events/100 person years (HR: 0.78; 95%CI: 0.61–1.01)

PARAGON-HF
Sacubiril/Valsartan vs.
Enalapril [37]

Run-in eGFR
decline > 15%

in 10% of patients

CV death/hHF:
- Valsartan vs. sacubitril/valsartan resulted in no eGFR decline:
14.11 (95%CI: 12.58–15.88) vs. 12.43 (95%CI: 11.12–13.93)
events per 100 person years (HR 0.87; 95%CI: 0.74–1.03)
- Valsartan vs. sacubitril/valsartan resulted in eGFR decline:
17.27 (13.59–22.27) vs. 15.16 (11.56–20.24)
events per 100 person years (HR: 0.84; 95%CI: 0.58–1.20)

* Expressed as mL/min*1.73 m2. Abbreviations: CHARM: candesartan in chronic heart failure; CI: confidence
interval; CKD: chronic kidney disease; CV: cardiovascular; eGFR: estimated glomerular filtration rate; HF: heart
failure; hHF: heart failure hospitalization. HR: hazard ratio; LVEF: left ventricular ejection fraction; PARADIGM-
HF: efficacy and safety of LCZ696 compared with enalapril on morbidity and mortality of patients with chronic
heart failure; PARAGON-HF: Prospective Comparison of ARNI with ACE inhibition to Determine Impact on
Global Mortality and Morbidity in Heart Failure; SD: standard deviation; SOLVD: effect of enalapril on survival
in patients with reduced left ventricular ejection fraction.

5. Mineralocorticoid Receptor Antagonists (MRAs)
5.1. Steroid MRAs

Early studies in the 1950s demonstrated that spironolactone, the first steroidal MRA,
effectively reduced salt retention and cardiac necrosis in animal models [41]. However,
it was not until the RALES trial in 1999 that the clinical benefits of spironolactone in
HFrEF were firmly established. This landmark study, which enrolled 1663 patients with
LVEF < 35% and NYHA class III–IV symptoms, found that spironolactone (25 mg/day)
reduced all-cause mortality by 30% compared with placebo (HR 0.70; 95%CI, 0.60–0.82),
leading to early termination due to efficacy despite an acceptable rise in hyperkalemia [42].

Following RALES, spironolactone prescriptions surged, but this was accompanied by
a sharp increase in hyperkalemia-related hospitalizations, rising from 2.4 per 1000 patients
in 1994 to 11.0 per 1000 in 2001, with mortality climbing from 0.3 to 2.0 per 1000 [43].
This trend was likely due to spironolactone use in patients with advanced CKD, a group
excluded from RALES.

To improve safety, eplerenone, a next-generation steroidal MRA with greater receptor
selectivity and reduced affinity for progesterone and androgen receptors, was developed to
mitigate hyperkalemia risk. The EMPHASIS-HF trial, published in 2011, investigated eplerenone
in 2737 patients with NYHA class II symptoms, LVEF < 30%, eGFR > 30 mL/min/1.73 m2, and
serum potassium < 5.0 mmol/L, all receiving ACEis/ARBs and beta-blockers. Eplerenone
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significantly reduced all-cause mortality (HR 0.76; 95%CI, 0.62–0.93), cardiovascular death
(HR 0.76; 95%CI, 0.61–0.94), and hHF, with a modest increase in hyperkalemia (8% vs. 3.7%) [44].

Despite these strong outcomes, MRA use remained limited, primarily due to concerns
over hyperkalemia and WRF in high-risk patients. A prespecified analysis showed that with
careful monitoring, eplerenone was both safe and beneficial even in patients at elevated
risk of hyperkalemia or WRF [45] (Table 2).

MRA underutilization is also linked to the 2014 TOPCAT trial, which evaluated
spironolactone in HFpEF (LVEF > 40%) [46]. Although the study narrowly missed its
primary endpoint (HR 0.89; 95%CI, 0.77–1.04) for hHF and cardiovascular mortality, cri-
tiques centered on regional variations and adherence issues. Subgroup analyses revealed
reductions in cardiovascular mortality and HF events among patients with lower natri-
uretic peptide levels and among women [47,48]. However, elevated rates of hyperkalemia
(18.7% vs. 9.1%) and increased serum creatinine led to discontinuation in roughly one-third
of participants, limiting guideline endorsement even after post hoc analyses demonstrated
benefit in North American cohorts [49] (Table 2).

Despite this, a TOPCAT subanalysis in patients with repeated UACr measurements
found that spironolactone reduced UACr by 39% overall and by 76% in those with mi-
croalbuminuria at one year. These reductions correlated with declines in hHF (HR 0.90;
95%CI, 0.82–0.98) and all-cause mortality (HR 0.91; 95%CI, 0.84–0.98), highlighting the
association between eGFR decline, albumin leakage, and HF outcomes [50] (Table 3).

5.2. Non-Steroid MRAs

Given the antialbuminuric effects of MRAs, research has focused on developing non-
steroidal agents to minimize adverse effects. Finerenone, a novel non-steroidal MRA, has
lower affinity for sex hormone receptors and a reduced risk of hyperkalemia [51].

Initial trials, FIDELIO-DKD and FIGARO-DKD, assessed finerenone’s impact on renal
and cardiovascular outcomes in patients with T2D and CKD. Finerenone led to an early eGFR
decline at 4 months (−3.18 vs. −0.73 mL/min/1.73 m2), but by the study end, the treated group
showed less decline compared with controls (−2.66 vs. −3.97 mL/min/1.73 m2), alongside
significant reductions in CKD progression, albuminuria, and cardiovascular events, including a
22% reduction in hHF (HR 0.78; 95%CI, 0.66–0.92), independent of baseline HF status [52].

A pooled analysis of EMPHASIS-HF and TOPCAT confirmed an acute eGFR decline
(average of 2–2.4 mL/min/1.73 m2) after steroidal MRAs without long-term differences
in slope versus placebo, indicating no sustained renal harm [8]. Encouraged by these
findings, finerenone was evaluated in HF patients in the FINEARTS-HF trial, which enrolled
6001 patients with HFpEF or HFmrEF (mean eGFR of 63 mL/min/1.73 m2; 45% women;
45.5% with diabetes). Finerenone significantly reduced total HF events and cardiovascular
death (HR 0.84; 95%CI, 0.74–0.95), with low rates of significant hyperkalemia (>6.0 mmol/L:
3% vs. 1.4%) [53].

Interestingly, 23.0% of finerenone-treated patients experienced >15% eGFR declines,
compared with 13.4% in the placebo group (HR 1.95; 95%CI, 1.69–2.24). However, increased
risk of adverse outcomes was only seen with eGFR declines in the placebo arm (adjusted
HR 1.50; 95%CI, 1.20–1.89), not with finerenone (adjusted rate ratio 1.07; 95%CI, 0.84–1.35;
p interaction = 0.04), suggesting finerenone’s renal safety across eGFR trajectories and LVEF
ranges [54] (Table 2).

The FINEARTS-HF study revealed an early, drug-induced eGFR decline that stabilized
by 90 days, mirroring sustained reductions in albuminuria (−30%) and risk of new-onset
micro- and macroalbuminuria (−38%). Although the composite renal endpoint was not
significantly affected, the parallel changes in UACr and eGFR slopes underscored their
interconnected pathophysiology [55].

https://doi.org/10.3390/jcrm2010005

https://doi.org/10.3390/jcrm2010005


J. CardioRenal Med. 2026, 2, 5 8 of 20

A subsequent meta-analysis in The Lancet confirmed the prognostic benefits of MRAs
across HF phenotypes, despite an increased frequency of eGFR declines > 30% in treated groups.
Importantly, large MRA trials typically excluded patients with eGFR < 45 mL/min/1.73 m2,
highlighting the context needed when interpreting these declines [56] (Tables 2 and 3).

Collectively, these data indicate that eGFR declines under MRA therapy often reflect
reductions in intraglomerular pressure, particularly in patients with diabetes or HF, where
decreased albuminuria translates into long-term renal and cardiovascular benefits [26–28,52,54].

Table 2. Effect or mineralocorticoid receptor antagonists on renal function and cardiovascular
outcome in heart failure patients.

Study Population
Characteristics Mean GFR * Detected Changes in

eGFR in Study Course

Relation Between Study
Outcome and Detected

eGFR Changes

TOPCAT [49] Number: 1767
LVEF: 58 ± 7

53% with
eGFR < 60

- Creatinine increase
from baseline was
greater in
spironolactone than in
placebo group (+12.5%
vs. +3.5%).
- eGFR mean reduction
was greater in
spironolactone than in
placebo group (−2.3
vs. −0.7 mL/min/m2).

- In 14%, WRF was observed
(creatinine increase
>0.3 mg/dL or >25% from
baseline to 4 months).
- WRF was associated with
increased risk in whole
population (HR 2.22
IC 1.67–2.96).
- Patients developing WRF in
placebo group were at higher
absolute risk of primary
endpoint compared with
spironolactone group:
(39.6 events per
100 patient-years;
95%CI: 25.5 to 61.3) vs.
placebo group (16.7 events
per 100 patient-years;
95%CI: 12.0–23.3).

Pooled analysis of
EMPHASIS TOPCAT

and EPHESUS
[57]

Number: 12,700 43% with
eGFR * < 60

2.6% experienced
eGFR < 30 mL/min/m2

across study period.

- Randomization to MRAs (vs.
placebo) increased stepwise
the odds of developing WRF
1.2- to 2.0-fold.
- Effect of MRAs vs. placebo
on reduction in CV
death/hHF was attenuated
as GFR decreased
(treatment-by-eGFR
interaction p for trend¼
of 0.033).
- Primary outcome with MRA
therapy was similar in those
who experienced decrease in
eGFR to
<30 mL/min/1.73 m2

(HR: 0.65; 95%CI: 0.43–0.99)
compared with those who
did not (HR: 0.63;
95%CI: 0.56–0.71).
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Table 2. Cont.

Study Population
Characteristics Mean GFR * Detected Changes in

eGFR in Study Course

Relation Between Study
Outcome and Detected

eGFR Changes

FINEARTS HF
[53,54]

Number: 5587
Age:

72 ± 10 years
Males: 60%

LVEF: 53 ± 8%

62 ± 19

Early (1 month) eGFR
decline > 15%: 23% in
finerenone and 13.4%
in placebo (OR: 1.95;
95%CI: 1.69–2.24;
p < 0.001) groups.

Greater risk of hHF/CV
death after early eGFR
decline in placebo group
(RR: 1.56; 95%CI: 1.22–1.99;
p < 0.01) than in finerenone
group (RR: 1.14;
95%CI: 0.90–1.43; p = 0.27;
p interaction = 0.06).

* Expressed as mL/min*1.73 m2. CI: Confidence interval; CKD: chronic kidney disease; CV: cardiovascular;
EMPHASIS HF: Eplerenone in Mild Patients Hospitalization and Survival Study in Heart Failure; FINEARTS
HF: Finerenone Trial to Investigate Efficacy and Safety Superior to Placebo in Patients With Heart Failure;
eGFR: estimated glomerular filtration rate; hHF: hospitalization for heart failure; HR: hazard ratio; LVEF: left
ventricular ejection fraction; MRA: mineralcorticoid receptor antagonists; OR: Odds ratio; RALES: Randomized
Aldactone Evaluation Study; TOPCAT: Americans Treatment of Preserved Cardiac Function Heart Failure With
an Aldosterone Antagonist. WRF: Worsening renal function.

Table 3. Table reports data generated by post hoc analysis of heart failure trials and evaluating the
effects of albuminuria on outcome and on therapy renal effect. Of note, heart failure study design did
not include albuminuria among the prespecified protocol analysis criteria.

Study Type of Analysis Albuminuria
n (%)

Adverse
Outcome

All-Cause
Mortality

Drug Effects on
Renal Function

and Albuminuria

Val-HeFT [27]

Relationships
between study
outcomes and
proteinuria in

HFrEF patients

405 */5010
(8%)

- Proteinuria:
HR: 1.28
(95%CI:
1.06–1.55) for
first morbid
event.
- Proteinuria
and CKD:
HR: 1.26
(95%CI:
1.01–1.57) for
first morbid
event.
- Proteinuria
and no-CKD:
HR: 1.42
(95%CI: 0.98 to
2.07) for first
morbid event.

- Proteinuria:
HR: 1.28 (95%CI:
1.01–1.62) for
first morbid
event.
- Proteinuria
and CKD:
HR: 1.26 (95%CI:
0.96–1.66) for
first morbid
event.
- Proteinuria and
no-CKD:
HR: 1.37 (95%CI:
0.83 to 2.26) for
first morbid
event.

GFR † change,
without
albuminuria:
−2.6 ± 0.2 in
placebo group vs.
−6.5 ± 0.2 in
valsartan group
(mean difference
of −3.9).
GFR † change,
with albuminuria:
−5.3 ± 0.6 in
placebo group vs.
−6.6 ± 0.6 mL in
valsartan group
(mean difference
of −1.3).

PARADIGM-
HF [30]

Renal effects of
sacubitril/

valsartan in
patients with

HFrEF

UACR ‡:
albuminuria in
441/1872 (24%)

First morbid
event, post
hoc
prespecified
composite
renal outcome:
sacubitril/
valsartan vs.
enalapril HR
0.94 (95%CI:
0.40–2.2).

Sacubitril/
valsartan vs.
enalapril
HR 1.15
(95%CI:
0.78–1.71).

Risk of
albuminuria:
- HR 1.20 (95%CI:
1.04–1.36) after
sacubitril/
valsartan.
- HR 0.90 (95%CI:
0.77–1.03) after
enalapril.
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Table 3. Cont.

Study Type of Analysis Albuminuria
n (%)

Adverse
Outcome

All-Cause
Mortality

Drug Effects on
Renal Function

and Albuminuria

EMPEROR
POOLED [58]

Secondary analysis
of EMPEROR
reduced and
EMPEROR

Preserved pooled
data

9673 patients with
assessed UACR ‡:
microalbuminuria

in 32%,
macroalbuminuria

in 11%

Empagliflozin
vs. placebo for
first and
recurrent hHF:
HR: 0.72;
95%CI:
0.63–0.82.

Empagliflozin vs.
placebo:
HR: 0.97 (95%CI:
0.87–1.08).

Empagliflozin vs.
placebo GFR †
slope difference:
- UACr <30: −1.6
(95%CI: 1.2–1.9).
- UACr 30–300:
−2.5 (95%CI:
−2.9–−2.2).
- UACr >300:
−4.0 (95%CI:
−4.6–−3.3).

TOPCAT [49]

Secondary analysis
on a TOPCAT
subpopulation

focusing on UACr
association with

renal study
outcome

744 patients with
UACR ‡ detected
at baseline and at

1-year visit
(microalbuminuria

in 35%,
macroalbuminuria

in 13%)

Crude model
for efficacy
outcomes on
hHF per
UACR halving
at the 1-year
visit vs.
baseline:
HR: 0.89;
95%CI:
0.82–0.97.

Crude model for
efficacy
outcomes per
UACr, halving at
the 1-year visit
vs. baseline:
HR: 0.90; 95%CI:
0.83–0.97.

At 1-year visit, in
patients with
macroalbumin-
uria,
spironolactone
reduced
albuminuria by
76% (geometric
mean ratio: 0.24;
95%CI: 0.10–0.56).

FINEARTS-
HF [55]

UACr changes over
time and the

development of
microalbuminuria

and
macroalbuminuria

5797 patients with
assessed UACr ‡

(microalbuminuria
in 30%,

macroalbuminuria
in 10%)

- -

After six months,
reduction in UACr
in finerenone
group:
Mean of −30%
(95%CI: 25–34%).
Composite kidney
outcome
(including >57%
eGFR fall) in
placebo vs.
finerenone:
HR: 1.28; 95%CI:
0.80–2.05.

* Albuminuria detected with positive urine stick at baseline; † expressed as mL/min*1.73 m2; ‡ assessed by
urine albumin–creatinine ratio and expressed as mg/g. ARNI: angiotensin receptor neprilysin inhibitor; CI:
confidence interval; EMPEROR POOLED: Empagliflozin Outcome Trial in Patients With Chronic Heart Failure
With Reduced Ejection Fraction and Empagliflozin in Heart Failure with a Preserved Ejection Fraction trials
combined; FINEARTS: Finerenone Trial to Investigate Efficacy and Safety Superior to Placebo in Patients With
Heart Failure; GFR: estimated glomerular filtration rate; hHF: hospitalization for heart failure. HFpEF: heart
failure with preserved ejection fraction; HFrEF: heart failure with reduced ejection fraction; HR = hazard ratio;
n: number; PARADIGM-HF: Prospective Comparison of ARNI with ACE inhibition to Determine Impact on
Global Mortality and Morbidity in Heart Failure; TOPCAT: Treatment of Preserved Cardiac Function Heart Failure
With an Aldosterone Antagonist; UACr = urine albumin creatinine ratio; Val-HeFT: Valsartan in HF Trial.

6. Sodium Glucose Cotransporter Type 2 Inhibitors (SGLT2is)
Initially developed as glucose-lowering agents, SGLT2 inhibitors (SGLT2is, or

gliflozins) demonstrated unexpected cardiovascular and renal benefits in diabetic patients,
as shown in the EMPA-REG OUTCOME, DECLARE, CANVAS, and CREDENCE trials.
These findings led to their application in patients with HF and CKD, resulting in reduced
risk of HF progression and CKD worsening [59]. Although early benefits were attributed to
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natriuretic effects, subsequent research highlighted more complex renal mechanisms [60],
with consistent efficacy across HF phenotypes, irrespective of diabetes or CKD status.

Administration of SGLT2is typically induces a modest, transient decline in eGFR
(approximately −3 to −5 mL/min/1.73 m2 within 2–4 weeks), reflecting reduced intra-
glomerular pressure.

Since the largest proportion of sodium reabsorption occurs in the proximal tubule
segment, it affects the electrolyte concentration reaching the tubuloglomerular apparatus.
The SGLT2 inhibition-driven eGFR decline, by decreasing filtrate production, attenuates the
reabsorption of sodium and glucose and rebalances the sodium concentration that reaches
the tubuloglomerular apparatus, allowing for the restoration of the tubuloglomerular
feedback [61,62]. Unlike angiotensin II blockade, this mechanism complements sacubitril–
valsartan, particularly in patients with reduced ejection fraction [63]. Importantly, this early
eGFR dip signals hemodynamic efficacy and is associated with long-term cardiovascular
and renal protection, not harm [61,62,64].

Following this initial dip, the eGFR tends to stabilize or improve, and long-term
therapy slows GFR decline relative to placebo across diverse cohorts [Table 4]. In DAPA-
HF, dapagliflozin led to a smaller eGFR decrease (−1.09 vs. −2.85 mL/min/1.73 m2

with placebo) [65]. Similar patterns emerged in DELIVER (HFmrEF/HFpEF) [66] and
in EMPEROR-Reduced and EMPEROR-Preserved, where treated patients consistently
experienced less decline [67,68].

Conversely, post hoc analyses linked spontaneous eGFR decreases in placebo groups
to higher cardiovascular, renal, and mortality risks [67,68], as noted in DAPA-HF [65]. In
EMPEROR trials, the eGFR rose after SGLT2i discontinuation, aligning treated patients with
placebo outcomes within 30 days [69], mirroring reversibility seen in diabetes studies [70].

Empagliflozin also reduced macroalbuminuria incidence (HR 0.81; 95%CI: 0.70–0.94)
and increased regression to normo- or microalbuminuria (HR 1.31; 95%CI: 1.07–1.59), partic-
ularly in diabetic patients with higher baseline UACr [58] [Table 3]. Additionally, SGLT2is
lowered acute kidney injury rates and HF events across all investigated settings [59].

Table 4. Effects on glomerular filtration rate and cardiovascular outcome in main studies performed
with inhibitors of sodium glucose cotransporter type 2.

Study Population
Characteristics

Mean Early GFR *
Changes in Treated

Arm vs.
Control Arm

Mean Chronic GFR *
Changes in Treated

Arm vs. Control

Cardiovascular
Outcomes

DAPA-HF
Dapagliflozin vs.

Placebo [65]

Number: 4618
Age: 66 ± 11 years

Males: 77%
Diabetes: 42%

LVEF: 31%
Median eGFR *: 66

−4.19 (95%CI:
−4.52/−3.87) vs.
−1.09 (95%CI:
−1.42/−0.77)

−1.09 (95%CI:
1.40/−0.77) vs.
−2.85 (95%CI:
−3.17/−2.53)

CV death/hHF:
11.4 vs. 15.6 per

100 pts/year
(HR: 0.78; 95%CI:

0.61–1.00)

EMPEROR-R
Empagliflozin vs.

Placebo [67]

Number: 3547
Age: 67 ± 11 years

Males: 76%
Diabetes: 50%

LVEF: 27%
Mean eGFR *: 62 ± 22

−3.5 (95%CI:
−3.1/−3.9) vs.
−1.0 (95%CI:
−0.6/−1.4)

−0.55 ± 0.23 (SD) vs.
−2.28 ± 0.23 (SD)

CV death/hHF:
15.8 vs. 21 per
100 pts/year

(HR: 0.75; 95%CI:
0.65–0.86)
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Table 4. Cont.

Study Population Characteristics
Mean Early GFR *

Changes in Treated
Arm vs. Control Arm

Mean Chronic GFR *
Changes in Treated

Arm vs. Control

Cardiovascular
Outcomes

EMPEROR-P
Empagliflozin vs.

Placebo [68]

Number: 5836
Age: 72 ± 9 years

Males: 65%
Diabetes: 49%

LVEF: 54%
Mean eGFR *: 61 ± 20

−3.7 (95%CI:
−4.0/−3.4)

vs.
−0.5 (95%CI:
−0.8 to −0.2)

−1.25 ± 0.11(SD)
vs.

−2.62 ± 0.11(SD)

CV death/hHF:
6.9 vs. 8.7 per
100 pts/year

(HR: 0.79; 95%CI:
0.69–0.90)

DELIVER
Dapagliflozin vs.

Placebo [66]

Number: 6262
Age: 72 ± 10 years

Males 56%
Diabetes: 45%

LVEF: 54%
Mean eGFR *: 61 ± 19

−3.7 (95%CI:
−4.0/−3.3)

vs.
−0.4 (95%CI:
−0.8/−0.0)

−0.5(95%CI:
−0.1/−0.9)

vs.
−1.4 (95%CI:
−1.0/−1.8)

CV death/hHF:
11.8 vs. 15.4 per

100 pts/year
(HR: 0.77; 95%CI:

0.67–0.78)

* Expressed as mL/min*1.73 m2. CI: confidence interval; CV cardiovascular; DAPA-HF: Dapagliflozin and
Prevention of Adverse Outcomes in Heart Failure; DELIVER: Dapagliflozin Evaluation to Improve the LIVEs of
Patients With Preserved Ejection Fraction Heart Failure; EMPEROR-P: Empagliflozin Outcome Trial in Patients
With Chronic Heart Failure With Preserved Ejection Fraction trials; EMPEROR-R: Empagliflozin Outcome Trial in
Patients With Chronic Heart Failure With Reduced Ejection Fraction; hHF heart failure hospitalization. eGFR:
estimated glomerular filtration rate; HR: hazard ratio; LVEF: left ventricular ejection fraction. SGLT2i: inhibitor of
sodium glucose cotransporter type 2.

These drugs consistently produced early reductions in primary endpoints (by 21–25%
within 30 days), with benefits comparable in scale to ACE inhibitors when first introduced
for HF [62,71]. The direct modulation of renin release by SGLT2 inhibition may further
explain these additive effects [62,64].

SGLT2 inhibitors also attenuate glomerular filtration pressure, evidenced by reduced
albuminuria in diabetic and non-diabetic populations [59]. This albuminuria reduction
likely plays a crucial role in slowing HF progression, given its strong association with
adverse HF outcomes [25–27].

7. Discussion
CKD is the most prevalent comorbidity in patients with HF, followed by diabetes,

which compounds disease burden [3,72–74]. Clinicians often interpret eGFR declines from
evidence-based therapies as alarming signs of “worsening kidney function,” implying
imminent renal failure. However, this overlooks the kidney’s physiological role in volume
and toxin regulation and its unique vascular architecture—receiving 25% of cardiac out-
put while comprising just 0.7% of body mass—to rapidly adjust filtration in response to
circulatory demands [64,74,75].

To maintain a typical GFR near 125 mL/min, the kidney activates mechanisms—
chiefly RAAS and sympathetic responses—whenever blood flow decreases. These
adaptations elevate intraglomerular pressure to sustain filtration but at the cost of
potential long-term damage, masking CKD progression while preserving a GFR of up to
130–140 mL/min/1.73 m2 [14,64,65,75–79].

Therapies such as ACEis/ARBs, ARNIs, MRAs, and SGLT2is should thus be viewed
not merely as agents altering the GFR but also as modulators restoring physiologic intra-
glomerular pressure. Large trials consistently show that despite early eGFR variability,
these agents preserve renal function and improve HF outcomes in patients with and without
diabetes [14,55,59,61,64,65,75]. Notably, eGFR declines are usually reversible, infrequently
linked to adverse renal events and rarely >30% [4,69,70,73].

The extent and timing of eGFR dips vary by drug mechanism, patient characteristics,
background therapy, and trial design. Larger acute eGFR reductions often occur in patients
with better baseline kidney function yet may still be beneficial in advanced CKD [59]. For
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instance, in type 2 diabetes studies, those with the greatest eGFR declines during early
RAAS blockade had the best long-term renal preservation [79].

However, inconsistent definitions of WRF across HF trials have muddled interpreta-
tion of renal outcomes and drug effects on CKD progression [63,69,71,78]. A secondary
analysis of over 28,000 HF patients from six trials of steroidal MRAs, ARNIs, and SGLT2is
demonstrated that under standardized kidney endpoints, these therapies had neutral or
beneficial impacts on renal outcomes [80]. This underscores the need for harmonized defini-
tions, especially as most HF trials exclude patients with advanced CKD (stage IV), focusing
on milder renal impairment. Consequently, HF events typically dictate trial endpoints,
often censoring patients before long-term renal changes manifest [2,81].

Analyzing eGFR slopes offers a more robust indicator of drug effects than discrete events,
though it requires adequate power and consistent analytic standards [2,81]. In HF patients with
preserved eGFR, the early “dip” with SGLT2is often predicts longer-term benefits, as shown
by improvements in both HF events and chronic eGFR trajectories [59,62,70,78,79,82,83]. The
FINEARTS-HF trial further supported this, with a win ratio of 1.17 (95%CI: 1.04–1.32) that
remained favorable despite early declines, stabilizing after roughly 12 months [84].

Albuminuria, a marker of glomerular injury driven by hypertension, insulin resis-
tance, and hyperglycemia, is strongly linked to incident HF and exacerbations, especially
with low eGFRs [85]. RAAS and SGLT2 inhibitors mitigate albuminuria through distinct
hemodynamic pathways (Figure 1), supporting combination strategies in HF manage-
ment. Caution is needed in interpreting early rises in UACr with ARNIs, often reflecting
mesangial relaxation from natriuretic peptide effects rather than structural damage [30–32].

Figure 1. 1. ACEis and ARBs, by inhibiting the angiotensin-converting enzyme, prevent angiotensin
vasoconstrictive action on the efferent arteriole, thereby avoiding the rise in the intraglomerular
pressure gradient that leads to hyperfiltration. 2. The ARNI molecule combines the action of the
ARB valsartan with the sacubitril-mediated inhibition of neprylisin, which is responsible for atrial
natriuretic peptide degradation. Natriuretic peptides not only exert fast natriuretic action but also
induce mesangial structure relaxation, allowing for the filtration of a mild amount of albumin that can
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be detected in the urine. By being a physiology-related effect, the albumin leak does not impact HF outcome
but correlates with the intraglomerular vascular resistance decrease. 3. MRAs not only reduce sodium
reabsorption in the renal collecting tubule but also concur to balance the intraglomerular filtration pressure
by potent anti-inflammatory, anti-oxidation and anti-fibrotic action on the glomerular mesangial structure.
This shields the delicate sieve deputed to select plasma solutes that have to be preserved from filtration
(i.e., albumin) and the amounts of electrolytes and molecules generating the filtrate. 4. In the early segment
of the glomerular tubule, SGLT2 is primarily involved in the reabsorption of filtered glucose. However,
any condition entailing a rise in filtrate production results in an immediate increase in SGLT2 expression
coupled with the activity of NHE3, located in the apical membrane of the proximal tubule section. Their
combined action is responsible for a larger reabsorption of sodium and largely impoverishes the sodium
content in the filtrate. The low sodium concentration, by reaching the juxtaglomerular apparatus, reduces
the production of adenosine. SGLT2 inhibitors, by counteracting the disproportioned glucose and sodium
reabsorption in the proximal tubule, restore adenosine effects, thus leading to the restraint of the vessel
section and tapering down intraglomerular pressure (see text for details).

Longitudinal UACr monitoring, as recommended by KDIGO categories, enables better
risk stratification and timely therapeutic adjustments [33,73,74,86]. Evidence from post
hoc analyses shows that effective therapy rapidly alters albuminuria, linking changes to
improved HF and renal outcomes [27–29,49,52,54,59,73,85].

Finally, it is crucial to challenge misconceptions that a modest slowing of eGFR decline
with RAAS or SGLT2 inhibitors lacks clinical significance. EMPA-Kidney demonstrated that
greater relative benefits in chronic slope occur among higher-risk patients, emphasizing
the value of this metric even when short-term changes appear modest [86].

Regarding thresholds, while an eGFR < 30 mL/min/1.73 m2 often precludes RAAS
or SGLT2 initiation, observational data suggest potential benefits with cautious monitoring,
including in advanced CKD. Finerenone demonstrated safety and efficacy down to an eGFR
of 25, while dapagliflozin and empagliflozin were safe and effective in HF patients with an
eGFR as low as 20–25 [52,53,56,60]. Nonetheless, steroidal MRA benefits wane near eGFRs
of 30, and careful management is required to avoid limiting other key HF therapies [55,86].

8. Conclusions
Renal function plays a pivotal role in the progression, management, and outcomes of

heart failure (HF), often complicating treatment strategies. The complex interplay among
cardiac, renal, and metabolic systems frequently leads clinicians to rely on glomerular
filtration rate (GFR) changes as primary indicators of therapeutic tolerance. This narrow
focus can obscure a true understanding of drug efficacy in clinical practice. As a result, neu-
rohormonal therapies are frequently underdosed or prematurely discontinued, particularly
when the eGFR approaches 30 mL/min/1.73 m2 [10]. Conversely, robust data from studies
in diabetic patients with moderate renal impairment and albuminuria demonstrate that
evidence-based treatments maintain a favorable safety profile even in these populations.
This underscores the need to prioritize therapy optimization over eGFR fluctuations.

Misinterpretation of treatment-induced eGFR changes often places HF patients with CKD
at greater risk by withholding essential therapies, thereby exacerbating their prognosis relative
to patients without CKD [4,75,86]. This issue is compounded by inadequate clinical monitoring,
which prevents timely dose adjustments and contributes to unnecessary treatment withdrawal.

Clinicians must appreciate that renal physiology is inherently designed to maintain
filtration under varying circulatory conditions. The kidneys continuously monitor blood pres-
sure and flow, rapidly deploying compensatory mechanisms to sustain glomerular filtration
pressure and preserve filtrate production. While this response is initially protective, in chronic
cardiovascular disease, it becomes maladaptive, perpetuating neurohormonal activation and
contributing to HF onset and progression.
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By adhering to patient selection criteria established in major clinical trials and ensuring
diligent follow-up, clinicians should recognize early declines in eGFR as indicative of
favorable intraglomerular hemodynamic adjustments. These changes mitigate maladaptive
neurohormonal responses and ultimately support improved long-term outcomes in patients
with HF. It is important to recall that drug-induced WRF is essentially a hemodynamic
phenomenon affecting glomerular circulatory dynamics. It is typically characterized by
early onset, a mild rise in serum creatinine, normal urinalysis, and rapid stabilization. This
process is reversible and does not involve structural nephron injury. In contrast, true WRF
is characterized by a progressive increase in serum creatinine, often exceeding 30%, and is
not reversible. In such cases, abnormal findings on urinalysis and structural changes on
renal imaging are commonly present.
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The following abbreviations are used in this manuscript:

AA Afferent arteriole
ACEi Angiotensin-converting enzyme inhibitor
ARB Angiotensin receptor blocker
ARNI Angiotensin receptor neprilysin inhibitor
CKD Chronic kidney disease
EA Efferent arteriole
eGFR Estimated glomerular filtration rate
HF Heart failure
hHF Heart failure hospitalizations
HFmrEF Heart failure with mildly reduced ejection fraction
HFpEF Heart failure with preserved ejection fraction
HFrEF Heart failure with reduced ejection fraction
LVEF Left ventricular ejection fraction
MRA Mineralocorticoid receptor antagonist
RAAS Renin angiotensin aldosterone system
sCr Serum creatinine
SGLT2i Sodium glucose cotransporter 2 inhibitor
WRF Worsening renal function
UACr Urinary albumin–creatinine ratio
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