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Abstract

Background and Methods: This prospective observational study investigated the prog-
nostic value of the hemoglobin-to-red cell distribution width ratio (HRR) in 278 patients
hospitalized with decompensated heart failure (HF). The primary endpoint was a compos-
ite of all-cause mortality or HF rehospitalization at 12 months. Multivariable Cox regression
was employed to adjust for risk factors including age, sex, NT-proBNP, LVEF, and eGFR.
Results: The median HRR was 0.89. During follow-up, the primary endpoint occurred in
167 (60.1%) patients. Unadjusted analysis showed a lower HRR was significantly associ-
ated with reduced event-free survival (log-rank p = 0.027). However, after multivariable
adjustment, this association was no longer statistically significant (p = 0.240). Older age and
male sex remained independent predictors. Conclusions: In patients with decompensated
HF, a lower baseline HRR correlates with increased risk but does not maintain independent
prognostic value after adjusting for powerful confounders. HRR may serve as a simple,
initial marker of risk rather than an independent predictor.

Keywords: heart failure; hemoglobin; red cell distribution width; ejection fraction; prognosis;
mortality; biomarker

1. Introduction
Heart failure (HF) remains a leading cause of cardiovascular morbidity and mortality

worldwide, affecting over 64 million people globally [1]. Decompensated HF, the most
common presentation of acute HF, is characterized by a rapid worsening of symptoms
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that necessitates urgent hospitalization [2]. Despite significant advances in therapeutic
management, the prognosis for patients hospitalized with decompensated HF remains
poor, with persistently high rates of readmission and mortality [3,4].

Accurate risk stratification is crucial for guiding clinical decision-making and optimiz-
ing therapeutic strategies in this high-risk population [5]. While established clinical param-
eters, imaging findings, and biomarkers such as natriuretic peptides (e.g., NT-proBNP) and
cardiac troponins provide significant prognostic information, their utility can be constrained
by certain limitations. For instance, the interpretation of natriuretic peptide levels is often
confounded by factors such as advanced age, obesity, and particularly renal dysfunction,
which is highly prevalent in the HF population and can artificially elevate NT-proBNP
levels due to reduced clearance [5,6].

Parameters derived from a routine complete blood count have drawn considerable
attention as potential prognostic indicators in cardiovascular diseases [7,8]. Hemoglobin
is a well-established biomarker for the evaluation of anemia, and changes in hemoglobin
levels may also provide indirect information about a patient’s volume status. Anemia, a
frequent comorbidity in HF, is well-known to be associated with worse clinical outcomes
and reduced functional capacity [9,10]. Similarly, an elevated red cell distribution width
(RDW), a measure of the variability in erythrocyte size (anisocytosis), has emerged as a
powerful and independent predictor of adverse outcomes in HF. High RDW is thought
to reflect a combination of underlying pathological processes, including inflammation,
oxidative stress, undernutrition, and ineffective erythropoiesis [11].

The hemoglobin-to-red cell distribution width ratio (HRR), a novel composite marker
derived from these two parameters, has been initially proposed as a prognostic tool to
assess survival in various cancers (e.g., lung, renal, liver, and colorectal) [12,13]. A lower
HRR, indicating lower hemoglobin and higher RDW, reflects increased inflammation and
poor prognosis, with higher mortality risk. Recent research showed that HRR may be used
for prognostic information in various cardiovascular conditions [14]. The ratio theoretically
integrates the impact of both anemia and increased anisocytosis, potentially providing
a more holistic view of the patient’s hematological and inflammatory status. However,
the clinical significance of HRR in the specific context of decompensated HF, particularly
its relationship with functional status and its prognostic value independent of powerful
confounders, has not been comprehensively evaluated in a prospective setting.

Therefore, this study aimed to prospectively investigate the association between
baseline HRR and the 12-month risk of all-cause mortality or rehospitalization for HF in
a cohort of patients hospitalized for decompensated heart failure. We also intended to
explore its correlation with dynamic clinical parameters, such as changes in NYHA class
and body weight during hospitalization.

2. Materials and Methods
2.1. Study Design and Population

This prospective observational registry enrolled consecutive patients hospitalized with
a primary diagnosis of decompensated HF at two cardiology departments (Arad County
Hospital and Municipal Hospital Timisoara) between January 2021 and December 2022.
The study was conducted in accordance with the Declaration of Helsinki [15], and the
protocol was approved by the institutional ethics committees of both participating centers.
Written informed consent was obtained from all participants.

Inclusion criteria were (1) age ≥18 years and (2) a diagnosis of acute decompensated
HF according to the 2021 European Society of Cardiology (ESC) guidelines. Exclusion
criteria included: (1) life expectancy less than 12 months due to non-cardiovascular causes;
(2) active hematological disorders or known malignancy; (3) blood transfusion within the
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preceding 3 months; (4) acute coronary syndrome within the 30 days prior to admission
or (5) severe valvular disease requiring imminent surgical or percutaneous intervention.
Patients did not receive oral or IV iron supplementation during hospitalization. Therefore,
data on oral or intravenous iron supplementation during the 12-month outpatient follow-up
were not systematically collected. No patient had an implantable cardioverter-defibrillator
(ICD) or cardiac resynchronization therapy (CRT) device at the time of inclusion.

2.2. Data Collection and Measurements

Comprehensive clinical data were collected upon hospital admission, including demo-
graphic characteristics, medical history, cardiovascular risk factors, and etiology of HF. Data
on guideline-directed medical therapy (GDMT) for HF were recorded at the time of hospital
discharge. Clinical status, including New York Heart Association (NYHA) functional class
and body weight, was assessed at both admission and discharge. The difference in weight
between these two points was considered a marker of decongestion.

Venous blood samples were drawn within 24 h of admission. A complete blood count,
including hemoglobin (g/dL) and RDW (%), was performed using an automated hema-
tology analyzer (Sysmex XN-3000, Kobe, Japan). The HRR was calculated as the ratio of
hemoglobin to RDW. N-terminal pro-B-type natriuretic peptide (NT-proBNP) was mea-
sured using a standardized electrochemiluminescence immunoassay (Roche Diagnostics,
Cobas 6000 analyzer, Rotkreuz, Switzerland). Estimated Glomerular Filtration Rate (eGFR)
was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
formula and was used in all subsequent analyses to ensure a more accurate assessment of
renal function.

2.3. Echocardiographic Assessment

All patients underwent a comprehensive transthoracic echocardiography within 48 h
of admission. Left ventricular ejection fraction (LVEF) was calculated using the biplane
Simpson’s method. In accordance with current ESC guidelines, patients were categorized
into three groups: HF with reduced ejection fraction (HFrEF; LVEF < 40%), HF with mildly
reduced ejection fraction (HFmrEF; LVEF 40–49%), and HF with preserved ejection fraction
(HFpEF; LVEF ≥ 50%).

2.4. Follow-Up and Endpoints

The primary endpoint of the study was a composite of all-cause mortality or the first
rehospitalization for HF within 12 months of discharge. Follow-up data were collected
through scheduled outpatient visits or structured telephone interviews.

2.5. Statistical Analysis

Statistical analysis was conducted using MedCalc® Statistical Software version 22.016,
Microsoft Office Excel Professional Plus 2021, R version 4.2.0, and JASP version 0.19.3.
Continuous variables were expressed as mean ± standard deviation (SD) or median and
interquartile range (IQR) based on their distribution, which was assessed using the Shapiro–
Wilk test. Categorical variables were presented as frequencies and percentages. Group
comparisons were performed using Student’s t-test or Mann–Whitney U test for continuous
variables and the chi-square test for categorical variables. Analysis of variance (ANOVA)
was used for multiple group comparisons.

Receiver operating characteristic (ROC) curve analysis was conducted to evaluate
the ability of HRR, RDW, and hemoglobin to predict the primary composite endpoint,
and the area under the curve (AUC) was calculated. The optimal cutoff value for HRR
was determined using the Youden index (J = sensitivity + specificity − 1). Kaplan–Meier
survival analysis with the log-rank test was used to compare event-free survival rates
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between patient groups stratified by the cohort median HRR value. Multivariable Cox
proportional hazards regression analysis was performed to identify independent predictors
of the primary endpoint. The final model included HRR, age, sex, LVEF, log-transformed
NT-proBNP, and eGFR (CKD-EPI). The proportional hazards assumption was verified for
all models. A two-sided p-value < 0.05 was considered statistically significant.

NYHA functional class at discharge was not included in the primary multivariable
model because it represents a post-baseline variable reflecting treatment response, and
its inclusion could introduce overadjustment bias by conditioning on an intermediate
variable on the causal pathway between baseline HRR and the outcome. A sensitivity
analysis including NYHA class at discharge is reported separately. To evaluate additive
discriminative value beyond the base model (age, sex, LVEF, log[NT-proBNP], eGFR), Net
Reclassification Improvement (NRI) and Integrated Discrimination Improvement (IDI)
analyses were performed as described by Pencina et al. As a further sensitivity analysis,
cause-specific Cox regression models were constructed for each component of the composite
endpoint separately. For the rehospitalization endpoint, a Fine–Gray competing risks model
was additionally fitted with death as the competing event.

3. Results
3.1. Baseline Characteristics

A total of 278 patients who met the inclusion criteria were enrolled in the final analysis
(Table 1). The mean age was 69.4 ± 12.0 years, and 169 patients (60.8%) were male. The
etiology of heart failure was ischemic in 66 patients (23.7%) and non-ischemic in 212 patients
(76.3%). The cohort was predominantly composed of patients with HFrEF (n = 193, 69.4%),
followed by HFpEF (n = 46, 16.5%) and HFmrEF (n = 39, 14.0%). At admission, 99.3% of
patients were in advanced NYHA class (III or IV). The mean weight was 82.5 ± 20.9 kg
(n = 278). Following in-hospital treatment and significant decongestion, evidenced by a
mean weight loss of 4.4 ± 5.4 kg, a substantial clinical improvement was observed, with
57.3% of patients being in NYHA class I or II at discharge. The median HRR for the entire
cohort was 0.89 (IQR: 0.75–1.00).

Table 1. Baseline characteristics of the study cohort, stratified by median HRR.

Characteristic All Patients
(N = 278)

Low HRR (≤0.89)
(n = 132)

High HRR (>0.89)
(n = 146) p-Value

Demographics
Age, years 69.4 ± 12.0 70.8 ± 11.8 68.2 ± 12.0 0.077
Male Sex, n (%) 169 (60.8) 70 (53.0) 99 (67.8) 0.017
Heart Failure Profile
LVEF, % 33.6 ± 11.8 33.2 ± 11.9 33.9 ± 11.7 0.616
HFrEF (LVEF < 40%), n (%) 193 (69.4) 93 (70.5) 100 (68.5) 0.722
HFmrEF (LVEF 40–49%), n (%) 39 (14.0) 18 (13.6) 21 (14.4)
HFpEF (LVEF ≥ 50%), n (%) 46 (16.5) 21 (15.9) 25 (17.1)
NYHA Class III–IV at
discharge, n (%) 111 (42.7) 62 (50.4) 49 (36.0) 0.017

Laboratory Parameters
Hemoglobin, g/dL 13.1 ± 1.9 12.0 ± 1.7 14.2 ± 1.4 <0.001
RDW, % 15.1 ± 2.0 16.3 ± 2.0 13.9 ± 1.2 <0.001
NT-proBNP, pg/mL * 8240 (4033–15,019) 9330 (5169–20,221) 6897 (3298–11,736) <0.001
eGFR, mL/min/1.73 m2 61.5 ± 24.8 56.1 ± 25.3 66.5 ± 23.4 <0.001
Hepatic and Metabolic Parameters
AST, U/L * 31.0 (20.8–48.0) 30.0 (20.0–46.5) 32.0 (21.5–50.0) 0.443
ALT, U/L * 24.0 (14.0–53.2) 21.5 (13.0–47.0) 25.0 (16.5–62.0) 0.123
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Table 1. Cont.

Characteristic All Patients
(N = 278)

Low HRR (≤0.89)
(n = 132)

High HRR (>0.89)
(n = 146) p-Value

Total Cholesterol, mg/dL 148.0 ± 43.9 139.4 ± 44.0 153.9 ± 42.7 0.011
Comorbidities
Diabetes mellitus, n (%) 105 (37.8) 57 (43.2) 48 (32.9) 0.110
Atrial fibrillation, n (%) 147 (52.9) 70 (54.3) 68 (50.7) 0.568
GDMT at Discharge
Beta-Blocker, n (%) 244 (87.8) 115 (87.1) 129 (88.4) 0.730
MRA, n (%) 226 (81.3) 107 (81.1) 119 (81.5) 0.932
ACEi/ARB, n (%) 127 (45.7) 58 (45.0) 58 (43.3) 0.784
ARNI, n (%) 66 (23.7) 29 (22.5) 37 (27.6) 0.337
SGLT2 inhibitor, n (%) 94 (33.8) 42 (32.6) 49 (36.6) 0.494
Loop diuretic, n (%) 268 (96.4) 121 (93.8) 132 (98.5) 0.046
Ivabradine, n (%) 31 (11.2) 17 (13.2) 12 (9.0) 0.274
Digoxin, n (%) 64 (23.0) 28 (21.7) 33 (24.6) 0.575
Statin, n (%) 115 (41.4) 55 (42.6) 57 (42.5) 0.987
Oral anticoagulant, n (%) 155 (55.8) 68 (52.7) 77 (57.5) 0.439
Antiplatelet, n (%) 66 (23.7) 34 (26.4) 31 (23.1) 0.545

* Data are presented as mean ± SD, median (IQR), or n (%). Abbreviations:; HRR, hemoglobin-to-RDW ratio;
LVEF, left ventricular ejection fraction; HFrEF, heart failure with reduced ejection fraction; HFmrEF, heart failure
with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; NYHA, New York
Heart Association; RDW, red cell distribution width; NT-proBNP, N-terminal pro-B-type natriuretic peptide;
eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical therapy; MRA, mineralocorticoid re-
ceptor antagonist. AST, aspartate aminotransferase; ALT, alanine aminotransferase; ACEi, angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; SGLT2
inhibitor, sodium-glucose co-transporter 2 inhibitor.

During the 12-month follow-up, 23 of the 278 enrolled patients (8.3%) were lost to
follow-up (low HRR group: n = 5; high HRR group: n = 18). These patients were censored
at their last known contact date in all time-to-event analyses. The number at risk at
baseline reflects the 255 patients with confirmed events or complete follow-up data. Atrial
fibrillation was documented in 147 patients (52.9%), with no significant difference between
HRR groups (54.3% vs. 50.7%, p = 0.568).

Patients were stratified into two groups based on the median HRR value. The baseline
characteristics of the study cohort, stratified by HRR group, are presented in Table 1.
Patients in the low HRR group were slightly older, had a lower prevalence of male sex,
and exhibited a more adverse biomarker profile, including significantly higher NT-proBNP
levels, lower eGFR, lower hemoglobin, and higher RDW.

3.2. HRR Distribution and Correlations

There was no statistically significant difference in HRR values across the three ejection
fraction categories (HFrEF: 0.88 ± 0.20; HFmrEF: 0.89 ± 0.19; HFpEF: 0.85 ± 0.17; p = 0.613
by ANOVA), suggesting that the prognostic implications of HRR may not be specific to
any particular HF phenotype (Figure 1). A weak but statistically significant inverse corre-
lation was observed between HRR and NYHA functional class at discharge (Spearman’s
ϱ = −0.152, p = 0.017). Furthermore, HRR showed a significant negative correlation with
log-transformed NT-proBNP levels (Spearman’s ϱ = −0.300, p < 0.001) (Figure 2) and a
positive correlation with eGFR (Spearman’s ϱ = 0.274, p < 0.001), indicating that a lower
HRR is associated with more severe cardiac dysfunction and worse renal function.
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Figure 1. Distribution of HRR Across Ejection Fraction Categories. Box plots showing the distribution
of HRR in patients with heart failure with reduced ejection fraction (HFrEF), mildly reduced ejection
fraction (HFmrEF), and preserved ejection fraction (HFpEF). The boxes represent the interquartile
range (IQR) with the median indicated by the horizontal line. The overlaid gray circles represent
individual patient data points.

Figure 2. Correlation between HRR and NT-proBNP. Scatter plot showing a significant negative
correlation between HRR and log-transformed NT-proBNP levels (Spearman’s ϱ = −0.300, p < 0.001).
The red line represents the linear regression fit.
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3.3. Prognostic Value of HRR

Over the 12-month follow-up period, the primary composite endpoint occurred
in 167 patients (60.1%), consisting of 74 deaths (26.6%) and 137 rehospitalizations for
HF (49.3%).

ROC curve analysis was performed to assess the prognostic utility of HRR for the
composite endpoint. The AUC for HRR was 0.554 (95% CI: 0.48–0.63), indicating no
statistically significant discriminative ability. For comparison, the AUC for RDW alone was
0.539 and for hemoglobin alone was 0.536.

Kaplan–Meier survival analysis, performed by stratifying patients into two groups
based on the cohort median HRR of 0.89, showed that patients with a low HRR had a
significantly lower 12-month event-free survival rate for the composite endpoint compared
to those with a high HRR (log-rank p = 0.027) (Figure 3).

Figure 3. Kaplan–Meier Survival Curves for the Composite Endpoint. Event-free survival probability
for the composite endpoint of all-cause mortality or HF rehospitalization, stratified by the median
HRR value.

3.4. Multivariable Cox Regression Analysis

We performed a multivariable Cox proportional hazards regression analysis to deter-
mine if HRR was an independent predictor of outcome. In the unadjusted model, a higher
HRR was significantly associated with a reduced risk of the composite endpoint (HR 0.27,
95% CI: 0.12–0.60, p = 0.001).

However, after adjusting for established prognostic markers including age, sex, LVEF,
log-transformed NT-proBNP, and eGFR, the association between HRR and the compos-
ite endpoint was no longer statistically significant (adjusted HR 0.80, 95% CI: 0.55–1.18,
p = 0.240). In the final model, only older age and male sex remained independently as-
sociated with adverse outcomes. The results of the multivariable analysis are detailed in
Table 2 and visualized in Figure 4.

https://doi.org/10.3390/life16040551

https://doi.org/10.3390/life16040551


Life 2026, 16, 551 8 of 14

Table 2. Multivariable Cox proportional hazards analysis for the primary composite endpoint.

Variable Hazard Ratio (HR) 95% CI p-Value

HRR 0.80 0.55–1.18 0.240
Age (per year) 1.02 1.00–1.04 0.041
Male Sex 1.49 1.04–2.14 0.031
LVEF (per %) 1.01 0.99–1.02 0.324
log(NT-proBNP) 1.36 0.85–2.18 0.197
eGFR (per
mL/min) 1.00 0.99–1.00 0.216

Abbreviations: HRR, hemoglobin-to-RDW ratio; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal
pro-B-type natriuretic peptide.

Figure 4. Forest Plot of Multivariable Cox Proportional Hazards Regression. Hazard ratios and 95%
confidence intervals for the primary composite endpoint. The model was adjusted for age, sex, LVEF,
log-transformed NT-proBNP, and eGFR. Statistically significant variables (p < 0.05) are highlighted in
red and bold text.

For sensitivity analysis, the multivariable Cox regression model was repeated with
diabetes mellitus (DM) added as an additional covariate. DM was prevalent in 105 patients
(37.8%) and was numerically more frequent in the low HRR group (43.2% vs. 32.9%,
p = 0.110). In the extended model, DM was independently associated with the composite
endpoint (HR 1.52, 95% CI: 1.08–2.14, p = 0.017). Importantly, the inclusion of DM did not
materially alter the primary finding: the adjusted HR for HRR changed minimally (from
0.80 to 0.78), and HRR remained non-significant as an independent predictor (p = 0.240).
These results reinforce the robustness of the primary analysis and confirm that the prognos-
tic information captured by HRR is not confounded by the presence of diabetes mellitus.

To evaluate additive discriminative value, NRI and IDI analyses were performed. The
continuous NRI for HRR added to the base model (age, sex, LVEF, log[NT-proBNP], eGFR)
was 0.163 (95% CI: −0.088 to 0.414, p = 0.204), and the IDI was 0.005 (95% CI: −0.009 to
0.018, p = 0.490), indicating no significant incremental reclassification or discrimination
improvement. The C-statistic increased marginally from 0.641 (base model) to 0.652 (base
model + HRR), a non-significant difference (∆C = 0.011). These findings confirm that HRR
does not meaningfully improve risk classification beyond established markers.

In a sensitivity analysis including NYHA functional class at discharge as an additional
covariate (n = 243), HRR remained non-significant in the adjusted model (HR 0.26, 95%
CI: 0.10–0.67, p = 0.005). NYHA class at discharge was independently associated with the
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composite endpoint (HR 1.43, 95% CI: 1.02–2.01, p = 0.040). Older age (HR 1.02, p = 0.050)
and male sex (HR 1.54, p = 0.020) remained significant predictors. The model concordance
improved marginally (C = 0.67).

Cause-specific Cox regression models yielded consistent results. For all-cause mor-
tality (62 events), the adjusted HR for HRR was 0.34 (95% CI: 0.09–1.23, p = 0.100); for
HF rehospitalization (127 events, censoring deaths), the adjusted HR was 0.34 (95% CI:
0.13–0.87, p = 0.025). In the Fine–Gray subdistribution hazard model for rehospitalization
with death as the competing event, results were directionally consistent with the cause-
specific analysis. These supplementary analyses support the interpretation that HRR at
admission does not independently predict either component of the composite endpoint
after multivariable adjustment.

4. Discussion
Risk assessment in patients with decompensated heart failure (HF) is a central compo-

nent of modern HF management, as it directly informs clinical decision-making, level of
care, therapeutic intensity, and prognosis estimation. In acute settings, it functions both as a
triage tool and as a dynamic monitoring framework [2]. In our prospective study of patients
hospitalized with decompensated HF, the principal finding was that a lower baseline HRR
at admission was associated with adverse outcomes in unadjusted analyses. However,
after adjusting for established risk factors such as age, sex, LVEF, NT-proBNP, and eGFR, it
does not remain an independent predictor of all-cause mortality or HF rehospitalization
at 12 months. This nuanced finding highlights the complexity of risk stratification in HF
and suggests that the prognostic information provided by HRR may be largely captured by
other powerful markers.

An important methodological consideration is the plain discordance between the sig-
nificant unadjusted association of HRR with outcomes (log-rank p = 0.027; univariate Cox
HR 0.27, p = 0.001) and the near-chance ROC performance (AUC = 0.554, 95% CI: 0.48–0.63).
These findings are not contradictory but reflect fundamentally distinct analytical questions.
Kaplan–Meier and Cox regression are the primary tools for time-to-event endpoints, incor-
porating the temporal dimension of event occurrence and censored observations—both
critical when the endpoint is time to death or first HF rehospitalization. The Cox model
directly addresses this study’s central research question: whether HRR is independently as-
sociated with prognosis after multivariable adjustment. Because this study was designed as
an associative investigation, the Cox regression hierarchy—from significant unadjusted to
non-significant adjusted association (HR 0.80, p = 0.240)—constitutes the primary finding.

The assessment of weight dynamics between admission and discharge offers a nu-
anced view of the patient’s decongestion status. In our cohort, patients were predominantly
overweight or obese, with a mean body weight of 82.5 ± 20.9 kg. The change in weight re-
flects distinct pathophysiological processes. While rapid weight loss during hospitalization
(4.4 ± 5.4 kg) primarily shows effective diuretic-induced decongestion, the baseline nutri-
tional status, inferred from BMI, is still a critical contextual factor. Overweight and obese
patients with decompensated HF exist in a state of high-grade, chronic systemic inflamma-
tion, which is a key driver of disease progression, particularly HFpEF. This inflammatory
state is largely fueled by dysfunctional adipose tissue (especially visceral and epicardial
fat), which releases proinflammatory cytokines (TNF-IL-6) and acts as an “immune organ”
in response to overnutrition [16]. A low HRR, indicative of inflammation and potential iron
deficiency, may therefore identify a subgroup of patients in whom weight loss represents a
successful decongestion but also a higher pro-inflammatory state in which adipose tissue
plays a role. In our cohort, the mean weight loss of 4.4 kg as a decongestion marker was
not significantly different in the HRR groups (p = 0.96).
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The potential mechanisms linking a low HRR to adverse outcomes in HF are likely
multifactorial, although no inflammatory or iron metabolism biomarkers were measured
in our study. Chronic inflammation, a cornerstone of HF pathophysiology, is thought to
be driven by cytokines like interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α),
which stimulate hepatic production of hepcidin [17,18]. Elevated hepcidin may lead to
functional iron deficiency by trapping iron within macrophages and enterocytes, thereby
contributing to anemia (low hemoglobin) [19,20]. Simultaneously, these inflammatory
cytokines are thought to suppress erythroid progenitor cells in the bone marrow, leading to
ineffective erythropoiesis and an increased RDW [21]. We hypothesize that a low HRR may
reflect a dysfunctional hematopoietic system under the strain of chronic inflammation and
dysregulated iron metabolism—a mechanistic interpretation that requires direct validation
through measurement of inflammatory and iron metabolism biomarkers (including IL-6,
hepcidin, ferritin, and transferrin saturation) in future prospective studies [22].

Additionally, hepatic congestion and metabolic abnormalities contribute to the com-
plex pathophysiological environment of decompensated HF [23,24]. In our cohort, liver
transaminases were mildly elevated (median AST 31.0 U/L, ALT 24.0 U/L), consistent
with the hepatic congestion phenotype characteristic for decompensated HF. Total choles-
terol levels were notably low (148.0 ± 43.9 mg/dL), particularly in the low HRR group
(139.4 ± 44.0 vs. 153.9 ± 42.7 mg/dL, p = 0.011), consistent with the well-described “lipid
paradox” in decompensated heart failure, where lower cholesterol levels reflect greater
catabolic burden and are paradoxically associated with worse outcomes [25]. These
metabolic markers provide additional context for interpreting HRR in the decompensated
HF setting.

Our finding that HRR at admission loses its independent prognostic value after
adjustment for NT-proBNP and eGFR is important. While NT-proBNP is a gold-standard
marker of myocardial atrial wall stress, its levels can be influenced by multiple factors,
including renal function, age, and obesity [6,26]. The strong correlation between HRR and
both NT-proBNP and eGFR suggests that these markers share common pathophysiological
pathways. The prognostic information provided by HRR at admission, discharge, and
during follow-up in our cohort needs to be further investigated in future research.

Our results are consistent with several recent studies that have shown mixed findings
regarding the independent prognostic value of HRR. Chen et al. [27] demonstrated that HRR
at admission was a predictor of clinical outcomes and diuretic response in acute HF patients.
Kanzaki et al. showed the prognostic impact of HRR in patients after acute decompensated
HF [28]. Similarly, Li et al. found that HRR was associated with in-hospital mortality
in chronic HF patients [29]. However, the degree to which HRR provides independent
prognostic information beyond established markers varies across studies, likely reflecting
differences in patient populations, endpoints, and statistical approaches [30].

While the simplicity and universal availability of HRR from routine complete blood
counts remain attractive features, our finding that HRR lacks independent predictive value
after multivariable adjustment, combined with its near-chance discriminative performance
(AUC 0.554) and non-significant NRI/IDI results, precludes any recommendation for its
use as a standalone triage or prognostic tool in current clinical practice. The association
observed in unadjusted analyses should be regarded as a hypothesis-generating signal
rather than evidence supporting clinical implementation. Whether HRR may contribute in-
cremental value within composite risk scores in resource-limited settings where natriuretic
peptides are unavailable warrants investigation in larger, multicenter validation cohorts.

It is also important to mention that, across the world, there are factors that limit the
use of recommendations from the current guidelines, such as differences in access to the
healthcare resources, in the local infrastructure, and in practices [31]. Therefore, new global
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heart failure guidelines were developed that aim to be applicable to all cardiovascular
care worldwide. The results of our study may provide an easy-to-perform marker of
initial HF severity, helping to stratify patients presenting with decompensated HF in
emergency departments.

Limitations

Our study has several limitations. First, as an observational registry, we can only
identify associations and cannot establish causality. Second, while the total sample size
was adequate for the primary analysis, it was insufficient for robust subgroup analyses
stratified by ejection fraction. Third, a significant limitation is the lack of data on specific
iron deficiency parameters (e.g., transferring saturation) and inflammatory cytokines, which
would have allowed for a more direct exploration of the underlying pathophysiological
mechanisms. Fourth, data on SGLT2 inhibitor use were limited in this cohort. Fifth, Kaplan–
Meier and Cox regression are optimally suited for our time-to-event endpoint—preserving
temporal information and censored observations. Finally, HRR was measured only at a
single time point upon admission; evaluating its dynamic changes during hospitalization
could provide further prognostic information.

5. Conclusions
In this prospective cohort of patients with decompensated heart failure, a lower base-

line hemoglobin-to-red cell distribution width ratio (HRR) at admission was associated with
an increased risk of adverse outcomes at 12 months across the spectrum of ejection fraction
(EF) in unadjusted analyses. However, this association was not maintained after multi-
variable adjustment for major confounders, particularly NT-proBNP and renal function
(eGFR). HRR may represent a simple and readily available marker of systemic vulnerability,
reflecting inflammation and hematopoietic dysfunction in patients hospitalized for decom-
pensated HF; however, it did not demonstrate prognostic value independent of established
risk factors in this cohort. Its clinical utility may lie in the initial risk assessment in settings
such as emergency departments, particularly in smaller hospitals, where it could help
identify patients with decompensated HF who may require more aggressive management.
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