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Abstract

The aim of this study was to describe changes in estimated glomerular filtration rate (eGFR),
left ventricular ejection fraction (LVEF) and clinical outcomes in a real-world cohort of
patients with heart failure with reduced ejection fraction (HFrEF) and atrial fibrillation (AF).
A total of 321 patients (67 [58–74] years old, 19.3% females) were included; 134 (41.7%) had
AF. AF patients were less frequently prescribed angiotensin receptor–neprilysin inhibitor
(ARNi), with no differences concerning sodium–glucose transport protein 2 inhibitors
(SGLT2is) and had lower median baseline eGFR values. At 6- and 12-month follow-ups,
renal function declined similarly in both groups, with no difference in the proportion
of patients experiencing an eGFR decrease of ≥30% from baseline. Regarding cardiac
remodeling, patients without AF showed a higher proportion of individuals with an LVEF
improvement of ≥10% from baseline, however with no differences between groups in LVEF
final recovery. During a median follow-up of 582 (339–1481) days, AF patients showed a
higher risk of composite outcome (aHR, 95% CI: 2.12, 1.16–3.86) and of hospitalization for
heart failure (hHF) (2.80, 1.44–5.46), without differences in all-cause death. Delta eGFR
changes with at least a 30% decline in eGFR were associated with a higher risk of the
primary endpoint. Despite lower baseline renal function, AF patients exhibited similar
LVEF improvement and renal decline, which emphasizes the importance of guideline-
directed medical therapy. AF was associated with a higher risk of adverse events, primarily
driven by hHF.

Keywords: atrial fibrillation; heart failure with reduced ejection fraction; left ventricular
ejection fraction; renal function; guideline-directed medical therapy

1. Introduction
Heart failure with reduced ejection fraction (HFrEF) represents a current challenge

for cardiovascular (CV) health, and similarly, atrial fibrillation (AF) is the most preva-
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lent cardiac arrhythmia worldwide [1,2]. The two conditions frequently coexist in up to
40% of patients, exacerbating each other’s adverse events [3]. In this complex clinical
setting, optimizing guideline-directed medical therapy (GDMT) for HF patients is crucial
in mitigating cardiovascular outcomes [4–6]. In particular, angiotensin receptor–neprilysin
inhibitor (ARNi) showed no increase in AF incidence and consistent efficacy across AF
patients in the PARADIGM-HF trial [7], and sodium–glucose transport protein 2 inhibitors
(SGLT2is) proved consistent beneficial effects in patients with AF in most RCTs [8–11].
However, the real-world interplay and management of HFrEF with AF remain complex,
often complicated by polypharmacy and drug tolerability [12]. For instance, AF patients
frequently present with chronic kidney disease (CKD), which may limit the full optimiza-
tion of guideline-directed medical therapy (GDMT) [13], particularly due to concerns about
a decline in estimated glomerular filtration rate (eGFR). However, the modest reduction in
eGFR during GDMT initiation—especially with ARNIs and SGLT2 inhibitors—should not
be a cause of therapeutic inertia, as per their significant nephroprotective effect. Moreover,
in patients with HFrEF, GDMT is frequently associated with significant positive left ven-
tricular (LV) remodeling. However, the presence of atrial fibrillation (AF) may technically
interfere with an accurate assessment of the remodeling parameters, particularly LV ejection
fraction (LVEF), due to the irregular rhythm and lack of atrial contribution. This limitation
may partly explain why observational studies often report a lower prevalence of HFimpEF
among patients with AF, potentially reinforcing the perception that AF attenuates LVEF
improvement and limits the extent of reverse remodeling in HFrEF [14].

The aims of this study are the following: (i) to describe longitudinal changes in eGFR
and LVEF in a real-world cohort of HFrEF patients stratified by AF status; (ii) to compare
clinical outcomes in HFrEF patients with and without AF.

2. Materials and Methods
2.1. Study Design and Definitions

This was a single-center, retrospective cohort, which included outpatients with HFrEF
who were prescribed an angiotensin receptor–neprilysin inhibitor (ARNi) and/or a sodium–
glucose transport protein 2 inhibitor (SGLT2i). The study was conducted at the Cardiology
Division of our tertiary care University Hospital, from July 2017 to September 2024. Data
collection for the Italian Drug Agency (AIFA) therapeutic plans required for the reim-
bursement of ARNI and/or SGLT2 inhibitors by the national health system included
the following elements: symptomatic HFrEF (NYHA class II–III only), physical examina-
tion with blood pressure measurement, LVEF ≤ 35% for the first ARNI prescription and
LVEF ≤ 40% for the first SGLT2i prescription, prior use of an ACEi or ARB for at least
1 month, and the assessments of concomitant medications, comorbidities, renal function,
serum potassium, and natriuretic peptides.

The study protocol was approved by the local Ethics Committee (approval number:
1343/2020), and the study was performed according to the principles of the Declaration
of Helsinki.

We calculated eGFR according to Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula, and an eGFR < 60 mL/min/1.73 m2 was used as the cut-off for the
definition of CKD.

HFrEF was defined as HF associated with an LVEF ≤ 40%, as per the current guidelines.
Clinical AF was defined in accordance with the current guidelines by the ECG.

For the purpose of this analysis, we included patients with available information
concerning the AF status and follow-up data.
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2.2. Follow-Up and Adverse Events

Clinical information and biochemistry parameters were collected and reported by
local investigators through patient follow-up visits, which were regularly performed every
6 months to renew the AIFA therapeutic plan required for the continued prescription of
ARNi or SGLT2i.

Delta changes in LVEF were calculated as follows: from baseline to the first follow-up
visit (6 months), i.e., delta LVEF 6-month; from baseline to the second follow-up visit
(12 months), i.e., delta LVEF 12-month; and from baseline to the last available follow-up,
i.e., delta LVEF overall.

Patients whose LVEF improved reaching values above 35% were defined as improved
LVEF (ImpLVEF).

Similarly, delta changes in eGFR were calculated. Patients who experienced a decline
in eGFR ≥ 30% from baseline to the last available follow-up were defined as worsening
eGFR (WeGFR).

The primary endpoint was a composite of all-cause death and hospitalization for
HF (hHF). The secondary exploratory endpoints were the single components of the prim-
ary outcome.

2.3. Statistical Analysis

Continuous variables are reported as median and interquartile range [IQR] and were
compared using appropriate non-parametric tests, while categorical variables are shown as
counts and percentages and were compared using the chi-square test.

The incidence rates (IRs) of the primary and secondary endpoints were calculated as
the number of events per 100 person-years with the related 95% confidence interval (CI).
Kaplan–Meier survival curves were built to illustrate the differences in the survival rates
among patients with or without AF and were statistically tested using log-rank test. Cox
regression analysis was used to evaluate the association with the risk of the primary and
secondary exploratory endpoints. We used 2 covariates models: Model 1 was adjusted
for age, sex, ischemic etiology, LVEF and hypertension; and Model 2 was also adjusted for
diabetes and eGFR. The results are reported as adjusted hazard ratio (aHR) and 95% CI.
The proportional hazard assumption was checked using the Schoenfeld residuals, with no
violation detected.

Moreover, we analyzed the relationship between eGFR changes and primary endpoint
risk, considering delta eGFR as a continuous variable, modeled using a restricted cubic
spline curve with 3 knots. Similarly, we examined the association between delta eGFR from
the 6-month follow-up to the last available follow-up and the primary endpoint. In both
models, a delta GFR decline of 30% was used as the reference value.

A two-sided p < 0.05 was considered statistically significant. All analyses were per-
formed using R (version 4.3.2).

3. Results
3.1. Study Population

Of the 466 patients initially enrolled, 321 (median age 67 [58–74] years, 19.3% females)
with available AF status and follow-up data were included in this analysis. The flow-chart
of the study is reported in Figure 1.

Overall, the cohort predominantly comprised patients in New York Heart Association
(NYHA) class 2 [2,3]. Baseline characteristics and treatments of the study population are
summarized in Table 1.
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Figure 1. Flow-chart of the study. AF, atrial fibrillation; LVEF, left ventricular ejection fraction.

Table 1. Baseline characteristics according to the presence of atrial fibrillation.

Overall No AF AF p Value

N (%) 321 (100) 187 (58.3%) 134 (41.7%)
Female sex, n (%) 62 (19.3) 37 (19.8) 25 (18.7) 0.913

Age (years) median [IQR] 67 [58–74] 64 [56–71] 72 [65–78] <0.001
BMI (kg/m2), median [IQR] 27.68 [24.77–30.49] 28.05 [24.88–30.86] 27.17 [24.69–30.47] 0.266
NYHA class, median [IQR] 2 [2–3] 2 [2–2] 2 [2–3] 0.202

Ischemic etiology, n (%) 153 (47.8) 93 (49.7) 60 (45.1) 0.483
LVEF (%), median [IQR] 31 [29–35] 30 [28–35] 32 [30–35] 0.011

Hypertension, n (%) 215 (67.0) 124 (66.3) 91 (67.9) 0.857
Systolic BP (mmHg), median

[IQR] 120 [110–130] 120 [110–130] 120 [110–130] 0.204

Diastolic BP (mmHg),
median [IQR] 75 [70–80] 75 [70–80] 75 [70–80] 0.419

Diabetes, n (%) 69 (21.5) 46 (24.6) 23 (17.2) 0.144
Dyslipidemia, n (%) 228 (71.0) 137 (73.3) 91 (67.9) 0.359

Smoking, n (%) 0.083
Never 159 (49.7) 86 (46.0) 73 (54.9)

Former 114 (35.6) 67 (35.8) 47 (35.3)
Current 47 (14.7) 34 (18.2) 13 (9.8)

PAD, n (%) 20 (7.5) 9 (5.6) 11 (10.4) 0.230
Carotid artery disease, n (%) 23 (7.2) 10 (5.3) 13 (9.7) 0.203

TE events, n (%) 19 (5.9) 11 (5.9) 8 (6.0) 1.000
Previous ACS, n (%) 105 (32.7) 66 (35.3) 39 (29.1) 0.296

Device, n (%) 0.285
No 94 (29.7) 52 (28.0) 42 (32.3)
ICD 153 (48.4) 93 (50.0) 60 (46.2)

CRT-D 62 (19.6) 39 (21.0) 23 (17.7)
CRT-P 7 (2.2) 2 (1.1) 5 (3.8)

CKD, n (%) 80 (26.7) 32 (18.5) 48 (37.8) <0.001
eGFR (mL/min/1.73 m2),

median [IQR]
73.00 [59.38–87.43] 76.50 [64.20–91.00] 69.00 [55.05–81.65] <0.001
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Table 1. Cont.

Overall No AF AF p Value

Kalemia (mEq/L), median
[IQR] 4.30 [3.90–4.60] 4.30 [4.00–4.60] 4.40 [3.90–4.70] 0.495

Hb (g/dL), median [IQR] 13.80 [12.90–15.10] 13.90 [13.05–15.10] 13.50 [12.60–15.15] 0.239
RDW (%), median [IQR] 14.10 [13.40–15.40] 13.80 [13.20–14.60] 14.80 [13.62–15.75] <0.001

BNP (ng/L), median [IQR] 291 [135–570] 192 [96–453] 366 [227–642] 0.004

Treatments
ARNi, n (%) 241 (75.1) 150 (80.2) 91 (67.9) 0.017
ACEi, n (%) 26 (8.1) 14 (7.5) 12 (8.9) 0.427
ARB, n (%) 42 (13.1) 22 (11.8) 20 (14.9) 0.473
MRA, n (%) 267 (83.2) 153 (81.8) 114 (85.1) 0.537

Betablocker, n (%) 311 (96.9) 180 (96.3) 131 (97.8) 0.660
SLGT2i, n (%) 124 (38.6) 64 (34.2) 60 (44.8) 0.072

Diuretics, n (%) 272 (85.0) 154 (82.8) 118 (88.1) 0.253
OAC, n (%) 158 (49.7) 31 (16.8) 127 (94.8) <0.001
SAPT, n (%) 114 (35.7) 94 (50.8) 20 (14.9) <0.001

Long DAPT, n (%) 11 (3.5) 10 (5.5) 1 (0.8) 0.052

ACEi, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AF, atrial fibrillation; ARB,
angiotensin receptor blocker; ARNi, angiotensin receptor–neprilysin inhibitor; BMI, body mass index; BNP,
brain natriuretic peptide; BP, blood pressure; CKD, chronic kidney disease; CRT-D, cardiac resynchronization
therapy defibrillator; CRT-P, cardiac resynchronization therapy pacemaker; DAPT, dual antiplatelet therapy;
eGFR, estimated glomerular filtration rate; ICD, implantable cardioverter defibrillator; IQR, interquartile range;
LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart
Association; OAC, oral anticoagulant; RDW, red cell distribution width; SAPT, single antiplatelet therapy; SGLT2i,
sodium–glucose transport protein 2 inhibitor; TE, thromboembolic.

The AF patients were older (median age 72 [65–78] years vs. 64 [56–71] years,
p < 0.001), with a higher prevalence of CKD (37.8% vs. 18.5%, p < 0.001) and with a
median LVEF of 32% [30–35]. No differences were observed concerning the prevalence of
ischemic etiology and other comorbidities between the groups (Table 1). The AF patients
had higher median RDW and BPN values compared to the non-AF ones.

Regarding treatments (Table 1), ARNi was prescribed to 75.1% of the patients, more
frequently to the non-AF patients (80.2% vs. 67.9%, p = 0.017), and no differences were
observed concerning the other foundational (“four pillars”) HF therapies between the
groups. Antithrombotic therapies were consistent according to the AF status.

3.2. Follow-Up Changes in Renal Function and LVEF

The details on LVEF and eGFR variations over the follow-ups (median duration: 582
[339–1481] days) are reported in Table 2.

Figure 2A–C displays the LVEF changes in the overall cohort and in patients stratified
by AF status, showing that the AF patients experienced less reverse remodeling during
follow-up. Indeed, LVEF improved from 31% [29–35] to 35% [30–40] at the 6-month
follow-up (p < 0.001) and to 35% [30–40] at the 12-month follow-up (p < 0.001), with a
statistically significant improvement in both groups and no differences between AF and
non-AF patients (Table 2).

The final median LVEF was 40% [35–45], with similar values in both groups. The
patients without AF had higher prevalence of an LVEF increase ≥ 10% (68.4% vs. 56.1%,
p = 0.041), but the proportion achieving an LVEF > 35% was comparable between the
groups (Table 2).
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Table 2. Follow-up values and changes in left ventricular ejection fraction and renal function at 6-,
12-month and last available follow-ups.

Overall No AF AF p Value

Estimated glomerular filtration
rate

eGFR (mL/min/1.73 m2), median
[IQR]

73.00 [59.38–87.43] 76.50 [64.20–91.00] 69.00 [55.05–81.65] <0.001

eGFR 6-month FU, median [IQR] 70.83 [54.44–85.32] 77.15 [58.06–87.31] 63.96 [50.04–81.70] 0.002
eGFR 12-month FU, median [IQR] 69.17 [55.58–85.12] 75.17 [61.28–88.14] 63.01 [50.23–79.07] 0.001

eGFR last available FU, median
[IQR] 64.42 [52.05–79.79] 68.94 [56.05–83.79] 57.55 [47.49–74.53] <0.001

Delta eGFR 6-month, median
[IQR] −2.66 [−9.99–4.06] −2.51 [−9.75–4.79] −3.21 [−10.34–2.61] 0.708

Delta eGFR 12-month, median
[IQR] −2.86 [−12.17–3.15] −2.72 [−12.28–2.63] −3.64 [−11.95–4.11] 0.944

Delta eGFR overall, median [IQR] −10.29 [−20.82–1.56] −10.43
[−19.44–(−0.05)] −9.88 [-26.81–3.17] 0.945

WeGFR, n (%) 42 (14.6) 20 (11.9) 22 (18.3) 0.176

Left ventricular ejection fraction
LVEF (%), median [IQR] 31 [29–35] 30 [28–35] 32 [30–35] 0.011

LVEF 6-month FU, median [IQR] 35 [30–40] 35 [30–40] 35 [30–40] 0.858
LVEF 12-month FU, median [IQR] 35 [30–40] 35 [30–40] 35 [30–43] 0.752

LVEF last available FU, median
[IQR] 40 [35–45] 40 [35–45] 39 [34–47] 0.759

Delta LVEF 6-month, median
[IQR] 0 [0–8] 0 [0–9] 0 [0–6] 0.103

Delta LVEF 12-month, median
[IQR] 2 [0–9] 3 [0–10] 1 [0–7] 0.155

Delta LVEF overall, median [IQR] 7 [0–15] 8 [2–15] 5 [0–15] 0.206
LVEF ≥ 10% from baseline, n (%) 190 (63.3) 121 (68.4) 69 (56.1) 0.041

ImpLVEF, n (%) 187 (62.3) 114 (64.4) 73 (59.3) 0.443

AF, atrial fibrillation; eGFR, estimated glomerular filtration rate; FU, follow-up; ImpLVEF, improved left ventricular
ejection fraction; IQR, interquartile range; LVEF, left ventricular ejection fraction; WeGFR, worsened estimated
glomerular filtration rate.

 

Figure 2. Sankey plot of changes in left ventricular ejection fraction from baseline to median follow-
up. Panel (A), overall cohort; panel (B), non-AF patients; panel (C), AF patients. AF, atrial fibrillation;
LVEF, left ventricular ejection fraction. The Sankey plots depict the individual changes in LVEF in
the overall cohort (panel A) and in stratified patients without (panel B) and with (panel C) AF. f-u:
follow up.

Despite lower eGFR baseline values, the patients with AF had similar rates of renal
function decline compared to the non-AF patients, with no significant differences in delta
eGFR at 6 months, 12 months and last available follow-up (Table 2, Figure 3).
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Figure 3. Temporal trends in changes in renal function from baseline to median follow-up. Panel
(A), changes in eGFR (median, error bar indicating IQR) in the overall cohort. Panel (B), changes in
eGFR (median, error bar indicating IQR) according to the presence of AF. AF, atrial fibrillation; eGFR,
estimated glomerular filtration rate; IQR interquartile range.

Consistently, WeGFR occurred in 14.6% of the patients in the overall cohort and was
comparable in the two groups.

3.3. Risk of Adverse Events

During a median follow-up of 582 [339–1481] days, 60 (17.8%) events of the primary
outcome were reported. The IR of the primary outcome was 11.57 (95% CI: 7.92–16.34) in
the AF patients and almost half of this value in the non-AF ones (IR, 95% CI: 5.65, 3.76–8.17),
as detailed in Table 3.

Table 3. Event count, incidence rates and Cox regression analysis for the risk of the primary endpoint
according to the presence of atrial fibrillation.

Event Count
IR Per 100

Person-Year (95%
CI)

uHR (95% CI) aHR * (95% CI) aHR◦ (95% CI)

Primary outcome 60 (18.7)

No AF 28 (15.0) 5.65
(3.76–8.17) Ref. Ref. Ref.

AF 32 (23.9)
0.061

11.57
(7.92–16.34) 2.03 (1.22–3.38) 1.96 (1.07–3.58) 2.12 (1.16–3.86)

All-cause death 26 (8.1)

No AF 13 (7.0) 2.46
(1.31–4.20) Ref. Ref. Ref.

AF 13 (9.7)
0.495

4.01
(2.13–6.85) 1.69 (0.78–3.65) 0.87 (0.35–2.12) 1.06 (0.42–2.67)

hHF 46 (14.3)

No AF 19 (10.2) 3.83
(2.31–5.98) Ref. Ref. Ref.

AF 27 (20.1)
0.018

9.75
(6.43–14.19) 2.46 (1.37–4.44) 2.66 (1.35–5.26) 2.80 (1.44–5.46)

AF, atrial fibrillation; aHR, adjusted hazard ratio; CI, confidence interval; hHF, hospitalization for heart failure;
IR, incidence rate; LVEF, left ventricular ejection fraction; uHR, unadjusted hazard ratio. * Adjusted for age, sex,
LVEF, hypertension, eGFR. ◦Adjusted for age, sex, ischemic etiology, LVEF, hypertension, diabetes, eGFR.
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Kaplan–Meier survival curves (Figure S1) demonstrated a lower survival probability
for the AF patients. The Kaplan–Meier curves for the secondary exploratory outcomes
are reported in Figure S2A for all-cause death and in panel B for hHF. This result was
confirmed by Cox regression analysis (Table 3), also after adjusting for covariates (aHR,
95% CI: 2.12, 1.16–3.86). Concerning the secondary exploratory outcomes, no differences
were observed for the risk of all-cause death, while the AF patients showed a higher risk of
hHF (aHR, 95% CI: 2.80, 1.44–5.46).

When assessing the association between delta eGFR overall changes and the risk
of the primary outcome (Figure 4A), we found a statistically significant association for
an increased risk of adverse events when eGFR decreased by at least 30% (p = 0.0443,
p non-linearity = 0.329). Consistently, the negative delta eGFR changes from the 6-month
follow-up were statistically associated with a higher risk of adverse events, with a non-
linear relationship (p = 0.005, p non-linearity = 0.002). As shown in Figure 4B, the risk of
the primary endpoint progressively increased for delta eGFR changes of more than −30%,
while it was reduced for changes below −30% and tended to plateau when there were no
changes in renal function during the follow-up.

Figure 4. Delta changes in renal function plotted as a continuous variable and association with the
primary outcome. CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard
ratio. Panel (A) shows the linear relationship between delta changes in renal function and the risk of
adverse events (p = 0.043, p for non-linearity = 0.329). Panel (B) shows the non-linear relationship
between delta changes in renal function from the 6-month follow-up and the risk of adverse events
(p = 0.005, p non-linearity = 0.002).

4. Discussion
The principal findings of our real-world analysis in a contemporary cohort of HFrEF

patients are as follow: (i) the AF patients were older, with higher RDW and NP values, yet
receiving a similar GDMT, though ARNi prescription was lower in patients with AF; (ii) the
LVEF improvement was more pronounced in the non-AF patients, with a higher proportion
achieving a ≥10% increase, even if the absolute LVEF changes were similar between the
groups; (iii) the baseline eGFR was lower in the patients with AF, but the renal function
decline over time was comparable with no higher prevalence of a ≥30% decline in eGFR—a
critical threshold associated with adverse outcomes in our cohort; (iv) AF in the patients
with HFrEF was associated with a nearly two-fold increased risk of the composite outcome,
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primarily due to a three- to four-fold higher risk of hHF, with no significant differences in
all-cause death.

AF patients are generally older and with a higher burden of comorbidities (i.e., hyper-
tension, CKD, diabetes mellitus) than those without AF, which contributes to a more com-
plex clinical profile. Among the biochemistry parameters, RDW in the AF patients seemed
to be greater than in the non-AF patients, suggesting an underlying micro-inflammatory
state, often associated with adverse outcomes [15,16]. Regarding the NP values, in our
cohort, the different median BNP values at baseline were the expression of AF presence,
within a range of values indicating biochemical stability in both groups, given the absence
of different median BMI values [17].

Despite similar overall adherence to GDMT classes, we observed a lower prescription
of ARNi for the AF patients, likely due to concerns about CKD, because of which ARNi
is less frequently used, despite growing evidence supporting its benefit in this subgroup,
and to iatrogenic hypotension, especially in older, comorbid patients [18,19]. Additional
factors may include the perception, highlighted by the underrepresentation of AF patients
in the RCTs, that ARNis may be less effective in this population, as well as the complexity
of managing polypharmacy and comorbidities in AF patients, which may lead to more
cautious prescriptions. Administrative and reimbursement restrictions, such as those
within the AIFA therapeutic plan, may also contribute to limiting their use. However,
increasing evidence from randomized clinical trials’ pre-specified subgroup analyses and
observational studies suggests that ARNis may prevent de novo AF and slow disease
progression, supporting a broader adoption of this therapy in eligible patients with AF and
HFrEF [7,20].

In our study, the non-AF patients exhibited a more pronounced improvement in LVEF
following optimized GDMT compared to those with AF. However, we did not observe
significant differences in the absolute change in LVEF from baseline between the groups,
suggesting that the AF patients still experienced a beneficial response to therapy, even
if lower.

There are several possible mechanisms underlying this attenuated response [21], in-
cluding the loss of atrial contraction, higher ventricular rates, and more advanced myocar-
dial fibrosis and structural remodeling, all limiting LV filling and reverse remodeling [22].
In addition, irregular RR intervals and the chronic hemodynamic burden of AF may further
impair diastolic filling and promote maladaptive remodeling. Neurohormonal activation
associated with AF can contribute to diffuse myocardial fibrosis and attenuate the potential
for reverse remodeling. From a therapeutic perspective, the lower prescription rates of
ARNI and MRAs observed in AF patients in our cohort may partially explain the reduced
likelihood of EF recovery.

These findings emphasize the need for personalized treatment approaches in AF
patients with HFrEF, potentially incorporating rhythm control strategies, regardless of the
symptoms, despite them being on GDMT [23–25]. As recently revised by Goette et al. [26],
alongside HF, atrial failure is often associated with atrial cardiomyopathy, characterized by
atrial fibrosis, dilatation and functional impairment and increasingly recognized as a key
determinant of HF progression, independently of ventricular function [27,28]. This suggests
that in addition to rate and rhythm control strategies, targeted medical interventions
addressing atrial structural remodeling is required in HFrEF patients [12].

Renal function decline remains a barrier to GDMT optimization, despite the observa-
tion that medically treated HFrEF patients had a slower decline in renal function compared
to patients without optimal medical therapy, especially following renin–angiotensin sys-
tem inhibitor (RAASi) implementation [29]. In our analysis, while the AF patients had
a persistently lower eGFR, the rate of the decline did not differ significantly from that
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in the non-AF patients, nor the percentage of patients experiencing a more serious eGFR
reduction, in line with existing evidence [30,31]. An eGFR decline ≥ 30% was identified as
a critical threshold associated with worse outcomes in our cohort, claiming for a clinical
and laboratory intensified follow-up for those patients experiencing such renal function
decline on GDMT [32]. The relationship between AF, renal dysfunction, and HFrEF is
complex and multidirectional. AF contributes to progressive kidney disease through vari-
ous mechanisms such as altered renal perfusion, neurohormonal activation and systemic
inflammation. Conversely, CKD itself promotes AF development due to shared risk factors
such as hypertension, volume overload and endothelial dysfunction [33]. Moreover, the
lower renal function in the AF patients observed in our study may be evidence of car-
diorenal syndrome, rather than a direct effect of AF on renal decline [34]. Notably, despite
this consideration, in our cohort the AF patients did not exhibit a significantly greater
deterioration in kidney function over time, possibly due to the optimized GDMT, including
the use of RAASis and mineralocorticoid receptor antagonists, which have been shown to
confer renal and metabolic protective effects in HFrEF [35].

Our findings confirm that in patients with HFrEF, AF is associated with a significantly
higher risk of the composite outcome of hHF or all-cause death, mainly driven by a three-
to four-fold higher risk of hHF, whereas all-cause death alone did not differ between the
groups. These results reinforce prior research demonstrating the adverse prognostic impact
of AF in HFrEF [36,37].

Several mechanisms may explain this increased risk. AF is associated with reduced
cardiac systolic function, lower LVEF recovery and adverse cardiac remodeling, contribut-
ing to worsening HF and increased hospitalizations [38]. The irregular ventricular rhythm
in AF leads to hemodynamic issues with the loss of atrial contribution to cardiac output,
predisposing patients to worsening HF episodes. In addition, AF is frequently associated
with poor adherence to GDMT due to concerns about renal function, hypotensive events
and drug interactions, leading to clinical prescription inertia and suboptimal HFrEF therapy
administrations [39]. However, in our cohort patients with and without AF were all fully
prescribed RAASis, the main concerning drugs for hypotension and renal function decline,
and no differences were found with respect to these two adverse events, stressing the
concept of fulfilling GDMT prescription in AF patients.

The difference in mortality outcomes between AF and non-AF HFrEF patients is
remarkable and documented in the literature. In our HFrEF cohort, despite higher crude
rates of all-cause death in the AF patients, the association of AF with death was not robust,
and its impact on survival appeared less direct, likely due to advances in HF therapies (i.e.,
pharmacological and remote monitoring management), a closer follow-up for such patients
especially after a worsening HF episode [40] and anticoagulation therapies, mitigating the
excess mortality risk traditionally associated with AF [41,42].

Thus, our findings highlight the importance of comprehensive management strategies
for AF in HFrEF patients [43,44]. Given the increased risk of hHF, rhythm control strategies
for AF should probably be considered in this population [45]. Despite the growing body of
RCTs advocating for an early rhythm control strategy, patient selection remains a pivotal
element of this therapeutic decision [46]. In many cases, the importance of optimizing
GDMT for HFrEF patients before considering interventional AF strategies is overlooked.
AF interventions represent only one aspect of the broader AF-HF syndrome (i.e., cardio–
renal–metabolic relationships) and should be pursed in addition to the medical optimized
therapy [23,47–49]. While further studies are needed to determine the most effective AF
management strategies for real-world HFrEF populations, our findings reinforce the need
to prioritize GDMT optimization for AF patients.
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Some limitations should be acknowledged while interpreting our results. The retro-
spective and observational design of the study may have influenced our ability to explore
causal associations. Furthermore, as a single-center study with a relatively small sample
size and short follow-up, our results may not be fully generalizable to broader populations.
Additionally, many patients were enrolled before the widespread adoption of SGLT2is,
which are now a cornerstone of HF therapy. Consequently, at baseline, fewer than half of
the patients received SGLT2is, which potentially limits the applicability of our findings
regarding the renal function trends, given the well-established renal protective effects of
SGLT2is, despite at the end of follow-up nearly 80% of the patients in our cohort receiving
SGLT2i. The lack of granular data, especially concerning the AF type and burden, might
have limited the possibility to identify patients with AF-related cardiomyopathy, with
potentially different outcomes. All echocardiographic assessments were performed by
experienced physicians in our tertiary-care center; however, minor intra- and inter-observer
variability cannot be excluded. Similarly, the laboratory exams were not performed by a
consistent laboratory source throughout the study, potentially introducing variability in
renal function assessment. Lastly, the exclusion of patients with missing data may have
introduced a selection bias, and, although multivariable analyses were conducted to adjust
for potential confounders, residual confounding cannot be entirely excluded.

5. Conclusions
In this contemporary cohort of HFrEF patients, those with AF experienced a compa-

rable improvement in LVEF and a similar decline in renal function (eGFR) compared to
non-AF patients, underscoring the importance of optimizing GDMT, particularly through
ARNi use. An eGFR decline ≥ 30% was associated with adverse outcomes, requiring closer
clinical and laboratory monitoring in this high-risk population. Overall, AF was associated
with a higher risk of adverse events, mainly consisting of increased HF hospitalizations,
highlighting the need for prompt and comprehensive GDMT optimization in these patients.
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et al. 2023 Focused Update of the 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur.
Heart J. 2023, 44, 3627–3639. [CrossRef] [PubMed]

6. Van Gelder, I.C.; Rienstra, M.; Bunting, K.V.; Casado-Arroyo, R.; Caso, V.; Crijns, H.J.G.M.; De Potter, T.J.R.; Dwight, J.; Guasti, L.;
Hanke, T.; et al. 2024 ESC Guidelines for the management of atrial fibrillation developed in collaboration with the European
Association for Cardio-Thoracic Surgery (EACTS). Eur. Heart J. 2024, 45, 3314–3414. [CrossRef] [PubMed]

7. McMurray, J.J.; Packer, M.; Desai, A.S.; Gong, J.; Lefkowitz, M.P.; Rizkala, A.R.; Rouleau, J.L.; Shi, V.C.; Solomon, S.D.; Swedberg,
K.; et al. Angiotensin-neprilysin inhibition versus enalapril in heart failure. N. Engl. J. Med. 2014, 371, 993–1004. [CrossRef]
[PubMed]

8. Lassen, M.C.H.; Ostrominski, J.W.; Claggett, B.L.; Packer, M.; Zile, M.; Desai, A.S.; Shah, A.M.; Cikes, M.; Merkely, B.; Gori, M.;
et al. Cardiovascular-kidney-metabolic overlap in heart failure with preserved ejection fraction: Cardiac structure and function,
clinical outcomes, and response to sacubitril/valsartan in PARAGON-HF. Eur. J. Heart Fail. 2024, 26, 1762–1774. [CrossRef]
[PubMed]

9. Sfairopoulos, D.; Liu, T.; Zhang, N.; Tse, G.; Bazoukis, G.; Letsas, K.; Goudis, C.; Milionis, H.; Vrettos, A.; Korantzopoulos,
P. Association between sodium-glucose cotransporter-2 inhibitors and incident atrial fibrillation/atrial flutter in heart failure
patients with reduced ejection fraction: A meta-analysis of randomized controlled trials. Heart Fail. Rev. 2023, 28, 925–936.
[CrossRef] [PubMed] [PubMed Central]

10. Fang, Y.; Chen, L.; Sun, S.; Ran, X. Sodium-Glucose Transporter 2 Inhibitors in Heart Failure: An Overview of Systematic Reviews.
J. Cardiovasc. Dev. Dis. 2024, 11, 198. [CrossRef] [PubMed] [PubMed Central]

11. Devadoss, R.; Dhillon, G.; Sharma, P.; Verma, R.K.; Munjal, R.; Kashyap, R. Heartfelt Breakthroughs: Elevating Quality of Life with
Cutting-Edge Advances in Heart Failure Treatment. J. Cardiovasc. Dev. Dis. 2024, 11, 15. [CrossRef] [PubMed] [PubMed Central]

12. Newman, J.D.; O’Meara, E.; Böhm, M.; Savarese, G.; Kelly, P.R.; Vardeny, O.; Allen, L.A.; Lancellotti, P.; Gottlieb, S.S.; Samad, Z.;
et al. Implications of Atrial Fibrillation for Guideline-Directed Therapy in Patients with Heart Failure: JACC State-of-the-Art
Review. J. Am. Coll. Cardiol. 2024, 83, 932–950. [CrossRef] [PubMed]

https://doi.org/10.1038/s41569-024-01046-6
https://www.ncbi.nlm.nih.gov/pubmed/38926611
https://doi.org/10.1093/europace/euae195
https://www.ncbi.nlm.nih.gov/pubmed/38984719
https://pmc.ncbi.nlm.nih.gov/articles/PMC11287210
https://doi.org/10.1016/j.jchf.2024.06.016
https://www.ncbi.nlm.nih.gov/pubmed/39152985
https://doi.org/10.1093/eurheartj/ehab368
https://www.ncbi.nlm.nih.gov/pubmed/34447992
https://doi.org/10.1093/eurheartj/ehad195
https://www.ncbi.nlm.nih.gov/pubmed/37622666
https://doi.org/10.1093/eurheartj/ehae176
https://www.ncbi.nlm.nih.gov/pubmed/39210723
https://doi.org/10.1056/NEJMoa1409077
https://www.ncbi.nlm.nih.gov/pubmed/25176015
https://doi.org/10.1002/ejhf.3304
https://www.ncbi.nlm.nih.gov/pubmed/38932589
https://doi.org/10.1007/s10741-022-10281-3
https://www.ncbi.nlm.nih.gov/pubmed/36282460
https://pmc.ncbi.nlm.nih.gov/articles/PMC10289933
https://doi.org/10.3390/jcdd11070198
https://www.ncbi.nlm.nih.gov/pubmed/39057618
https://pmc.ncbi.nlm.nih.gov/articles/PMC11276734
https://doi.org/10.3390/jcdd11010015
https://www.ncbi.nlm.nih.gov/pubmed/38248885
https://pmc.ncbi.nlm.nih.gov/articles/PMC10816021
https://doi.org/10.1016/j.jacc.2023.12.033
https://www.ncbi.nlm.nih.gov/pubmed/38418008


J. Cardiovasc. Dev. Dis. 2025, 12, 328 13 of 14

13. Damman, K.; Testani, J. Cardiorenal interactions in heart failure: Insights from recent therapeutic advances. Cardiovasc. Res. 2024,
120, 1372–1384. [CrossRef] [PubMed] [PubMed Central]

14. Verstreken, S.; Beles, M.; Oeste, C.L.; Moya, A.; Masuy, I.; Dierckx, R.; Heggermont, W.; Dauw, J.; Hens, D.; Bartunek, J.; et al.
eGFR slope as predictor of mortality in heart failure patients. ESC Heart Fail. 2024, 12, 1217–1226. [CrossRef] [PubMed]

15. Malavasi, V.L.; Proietti, M.; Spagni, S.; Valenti, A.C.; Battista, A.; Pettorelli, D.; Colella, J.; Vitolo, M.; Lip, G.Y.; Boriani, G.
Usefulness of Red Cells Distribution Width to Predict Worse Outcomes in Patients with Atrial Fibrillation. Am. J. Cardiol. 2019,
124, 1561–1567. [CrossRef] [PubMed]

16. Iglesias, J.; Okoh, N.; Ang, S.P.; Rodriguez, C.A.; Chia, J.E.; Levine, J.S. Short-Term Mortality in Hospitalized Patients with
Congestive Heart Failure: Markers of Thrombo-Inflammation Are Independent Risk Factors and Only Weakly Associated with
Renal Insufficiency and Co-Morbidity Burden. J. Cardiovasc. Dev. Dis. 2024, 11, 93. [CrossRef] [PubMed] [PubMed Central]

17. Sramko, M.; Melenovsky, V.; Wichterle, D.; Franekova, J.; Clemens, M.; Kautzner, J. Impact of Atrial Fibrillation on Natriuretic
Peptides: An Invasive Atrial Hemodynamic Study. JACC Clin. Electrophysiol. 2018, 4, 153–154. [CrossRef] [PubMed]

18. Chatur, S.; Claggett, B.L.; McCausland, F.R.; Rouleau, J.; Zile, M.R.; Packer, M.; Pfeffer, M.A.; Lefkowitz, M.; McMurray, J.J.V.;
Solomon, S.D.; et al. Variation in Renal Function Following Transition to Sacubitril/Valsartan in Patients with Heart Failure. J.
Am. Coll. Cardiol. 2023, 81, 1443–1455. [CrossRef] [PubMed]

19. Ettrup-Christensen, A.; Butt, J.H.; Andersen, M.P.; Sessa, M.; Polcwiartek, C.; Fosbøl, E.L.; Rørth, R.; Kristensen, S.L.; Torp-Pedersen,
C.; Køber, L.; et al. Trends in Medical and Device Therapies Following Incident Heart Failure in Denmark during 1996–2019: A
Nationwide Register-Based Follow-Up Study. J. Cardiovasc. Dev. Dis. 2023, 10, 362. [CrossRef] [PubMed] [PubMed Central]

20. Chang, H.Y.; Feng, A.N.; Fong, M.C.; Hsueh, C.W.; Lai, W.T.; Huang, K.C.; Chong, E.; Chen, C.N.; Chang, H.C.; Yin, W.H.
Sacubitril/valsartan in heart failure with reduced ejection fraction patients: Real world experience on advanced chronic kidney
disease, hypotension, and dose escalation. J. Cardiol. 2019, 74, 372–380. [CrossRef] [PubMed]

21. Wang, Y.; Zhou, R.; Lu, C.; Chen, Q.; Xu, T.; Li, D. Effects of the Angiotensin-Receptor Neprilysin Inhibitor on Cardiac Reverse
Remodeling: Meta-Analysis. J. Am. Heart Assoc. 2019, 8, e012272. [CrossRef] [PubMed] [PubMed Central]

22. Dzeshka, M.S.; Lip, G.Y.; Snezhitskiy, V.; Shantsila, E. Cardiac Fibrosis in Patients with Atrial Fibrillation: Mechanisms and
Clinical Implications. J. Am. Coll. Cardiol. 2015, 66, 943–959. [CrossRef] [PubMed]

23. Bonini, N.; Proietti, M.; Romiti, G.F.; Vitolo, M.; Fawzy, A.M.; Ding, W.Y.; Imberti, J.F.; Fauchier, L.; Marin, F.; Nabauer, M.;
et al. Optimal Medical Therapy for Heart Failure and Integrated Care in Patients with Atrial Fibrillation: A Report From the
ESC-EHRA EORP Atrial Fibrillation Long-Term General Registry. J. Am. Heart Assoc. 2025, 14, e030499. [CrossRef] [PubMed]

24. Boriani, G.; Mei, D.A.; Vitolo, M.; Imberti, J.F. The 2024 ESC guidelines on atrial fibrillation: Essential updates for everyday
clinical practice. Intern. Emerg. Med. 2025, 20, 1299–1306. [CrossRef] [PubMed]

25. Mei, D.A.; Romiti, G.F.; Vitolo, M.; Imberti, J.F.; Corica, B.; Mantovani, M.; Bonini, N.; Marin, F.; Diemberger, I.; Dan, G.A.; et al.
Atrial fibrillation and female sex: Use of oral anticoagulants in a large European cohort and residual risk of thromboembolism
and stroke. Eur. Heart J. Qual. Care Clin. Outcomes 2025, qcaf075. [CrossRef] [PubMed]

26. Goette, A.; Corradi, D.; Dobrev, D.; Aguinaga, L.; Cabrera, J.A.; Chugh, S.S.; de Groot, J.R.; Soulat-Dufour, L.; Fenelon, G.; Hatem,
S.N.; et al. Atrial cardiomyopathy revisited-evolution of a concept: A clinical consensus statement of the European Heart Rhythm
Association (EHRA) of the ESC, the Heart Rhythm Society (HRS), the Asian Pacific Heart Rhythm Society (APHRS), and the
Latin American Heart Rhythm Society (LAHRS). Europace 2024, 26, euae204. [CrossRef] [PubMed] [PubMed Central]

27. Boriani, G.; Gerra, L.; Mantovani, M.; Tartaglia, E.; Mei, D.A.; Imberti, J.F.; Vitolo, M.; Bonini, N. Atrial cardiomyopathy: An entity
of emerging interest in the clinical setting. Eur. J. Intern. Med. 2023, 118, 14–21. [CrossRef] [PubMed]

28. Mantovani, M.; De Mitri, G.; Imberti, J.F.; Gerra, L.; Mei, D.A.; Birtolo, C.; Tartaglia, E.; Casali, E.; Bonini, N.; Vitolo, M.; et al. Left
and right atrial echocardiographic parameters and outcome in patients with atrial fibrillation. Kardiol. Pol. 2025, 83, 594–604.
[CrossRef] [PubMed]

29. Rosano, G.M.C.; Moura, B.; Metra, M.; Böhm, M.; Bauersachs, J.; Ben Gal, T.; Adamopoulos, S.; Abdelhamid, M.; Bistola, V.;
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