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Abstract

Background: Older patients with heart failure (HF) experience poor prognoses after hospital discharge, underscoring the importance
of risk stratification for improving out-of-hospital management. Therefore, this study aimed to investigate the association between
a composite index of anemia and renal impairment, defined as the serum hemoglobin-to-creatinine ratio (HCR), and post-discharge
readmission or mortality in older patients with HF. Methods: Data were obtained from the Zigong Fourth People’s Hospital. HF was
diagnosed in accordance with the 2016 European Society of Cardiology guidelines. The HCR was employed, while the outcome was a
composite of readmission or mortality assessed at 180 and 90 days after discharge. The association between the HCR and outcomes was
analyzed using Cox proportional hazards models, with robustness evaluated through subgroup and sensitivity analyses. Results: The
study cohort included 1781 older patients (age >60 years) with HF, of whom 41.6% experienced readmission or mortality within 180
days after discharge. Multivariable Cox regression indicated that a higher HCR was associated with a lower risk of 180-day readmission
or mortality (hazard ratio (HR) = 0.76; 95% confidence interval (CI): 0.67-0.87). When analyzed using the HCR tertiles, the middle and
highest tertiles exhibited progressively reduced risks (HR = 0.74, 95% CI: 0.61-0.88 and HR = 0.58, 95% CI: 0.47-0.71), respectively; p
for trend < 0.001) compared with the lowest tertile. Similar associations were observed for the 90-day composite outcome. The stability
of these associations was confirmed through subgroup and sensitivity analyses. Conclusions: A higher HCR is independently associated
with a reduced risk of readmission or mortality within 180 days of discharge in older patients with HF. The HCR may serve as a useful
prognostic marker for risk stratification in this population.
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1. Introduction ample, in cases of renal anemia, while low hemoglobin lev-
els may in turn exacerbate renal dysfunction [9,10]. It has
been suggested that anemia and renal impairment may syn-
ergistically accelerate HF progression, leading to a wors-
ened prognosis [11]. We therefore hypothesize that a com-
posite indicator of anemia and impaired renal function is
associated with adverse outcomes in HF patients. Serum
hemoglobin and creatinine levels are readily available lab-
oratory parameters commonly used to assess anemia and
renal function, and are routinely evaluated in HF patients
[12]. Therefore, this study aimed to assess the associa-
tion between the composite indicator, serum hemoglobin-
to-creatinine ratio (HCR), and post-discharge readmission
or mortality in a cohort of elderly patients with HF.

Heart failure (HF) is a global health issue, affecting
over 64 million people worldwide. It is a major cause
of morbidity and mortality, resulting in significant health-
care expenditures that place considerable strain on individ-
uals and society as a whole [1]. The condition primarily
impacts the elderly, with incidence and prevalence rising
sharply among adults over 60 years of age [2]. Although
advances in medical care have reduced in-hospital mortal-
ity, HF patients continue to experience high rates of post-
discharge readmission and mortality [3,4]. Therefore, iden-
tifying high-risk patients after discharge is essential for op-
timizing management strategies and improving long-term
outcomes.

Anemia and renal dysfunction are prevalent comor-
bidities in HF, and both have been linked to adverse out-
comes, including increased mortality, hospital readmission,

2. Methods
2.1 Data Source

and prolonged hospitalization [5—8]. It is important to note
that these two conditions frequently coexist and interact.
Renal impairment can directly contribute to anemia, for ex-

This retrospective cohort study utilized an open-
access database of hospitalized HF patients, which inte-
grated electronic medical records with follow-up informa-
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Fig. 1. Flow chart of study population selection.

tion [13]. The database comprises anonymized records of
adult patients admitted for HF at the Zigong Fourth People’s
Hospital (Sichuan, China), between December 2016 and
June 2019. Available data include demographics, comor-
bidities, vital signs, laboratory parameters, in-hospital treat-
ments, and post-discharge outcome. HF diagnoses in this
database adhered to the 2016 European Society of Cardiol-
ogy guidelines [13,14]. After completing the online train-
ing course, author HBX (record ID 35959043) obtained ap-
proval to access the database for research. The study was
conducted in accordance with the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
guidelines.

2.2 Study Population

The initial cohort comprised all patients (n = 2008)
from the database. We excluded individuals who met any
of'the following criteria: death during hospitalization, miss-
ing hemoglobin or creatinine values, or age below 60 years.
Fig. 1 presents the patient selection flowchart.

2.3 Variables

Data extracted from the database encompassed demo-
graphic characteristics, clinical characteristics, comorbidi-

ties, laboratory parameters, and medication records. De-
mographic information included age, sex, and body mass
index (BMI). Baseline clinical characteristics consisted of
heart rate, respiratory rate, temperature, mean arterial pres-
sure (MAP), New York Heart Association (NYHA) clas-
sification, left ventricular ejection fraction (LVEF), and
Charlson Comorbidity Index (CCI). Documented comor-
bidities included diabetes, chronic kidney disease (CKD),
chronic obstructive pulmonary disease (COPD), demen-
tia, and cerebrovascular disease. Laboratory results at
admission covered sodium, potassium, white blood cell
count, hemoglobin, platelet count, albumin, bilirubin, crea-
tinine, high-sensitivity troponin (hs-troponin), and brain na-
triuretic peptide (BNP). Medication use during hospitaliza-
tion recorded loop diuretics, renin-angiotensin-aldosterone
system (RAAS) inhibitors, spironolactone, beta-blockers,
inotropes, statins, and antiplatelet agents.

2.4 Exposure and Outcome

The HCR exposure factor was calculated as
hemoglobin (g/L) divided by creatinine (umol/L) [14]. The
primary endpoint was the composite outcome of all-cause
readmission or mortality within 180 days after hospital
discharge. The secondary outcome was defined as the same
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composite endpoint assessed at 90 days post-discharge.
Outcome data were obtained through mandatory follow-up
visits or telephone as specified in the database protocol.

2.5 Management of Missing Values

Several variables in this study contained missing
values: including albumin, bilirubin, hs-troponin, BNP,
sodium, potassium, CCI, and LVEF. Among these only
LVEF had a high proportion of missing data at 68.73%,
while the remainder exhibited missing rates below 5%. Due
to the established importance of LVEF in HF prognosis, we
incorporated it as a dummy variable with a category desig-
nating the missing status. For the other variables, missing
values were imputed using the median or mean, as appro-
priate.

2.6 Statistical Analysis

The study population was categorized into three
groups based on HCR for descriptive analysis. Continuous
variables are expressed as mean =+ standard deviation (SD)
or median (interquartile range [IQR]) and compared by one-
way analysis of variance (ANOVA) test or Kruskal-Wallis
test, as appropriate. Categorical variables are presented as
numbers (percentages) and analyzed using the Chi-square
or Fisher’s exact test. Kaplan—Meier curves depicted com-
posite outcomes across the three groups, and the log-rank
test compared cumulative event incidence. The association
between HCR and outcomes was evaluated through unad-
justed and multivariable-adjusted Cox proportional hazards
models, with results expressed as hazard ratios (HR) and
95% confidence intervals (CI). The proportional hazards as-
sumption was verified before Cox regression. Adjustment
variables were selected based on clinical relevance, a uni-
variate p-value below 0.1, and a change in effect estimate
exceeding 10% [15]. Multicollinearity was evaluated using
the variance inflation factor (VIF), with VIF >5 indicating
its presence. Model 1 was unadjusted. Model 2 adjusted for
age, sex and BMI. Model 3 further adjusted for CCI, LVEF,
NYHA classification, MAP, diabetes, CKD, sodium, potas-
sium, albumin, BNP, bilirubin, loop diuretics, RAAS in-
hibitors, beta-blockers, and inotropes. To detect the like-
lihood of non-linearity, HCR was converted into tertile-
based categories and a trend p-value was computed. The
relationship between HCR and post-discharge outcomes
was also explored using restricted cubic splines. Subgroup
analyses were conducted to assess the association’s robust-
ness, including sex, age (<80, >80), BMI (<18.5, 18.5—
24, >24), NYHA classification, CCI (<2, >2), diabetes,
COPD, dementia, LVEF value (>50%, <50%, and miss-
ing), and cerebrovascular disease. Three sensitivity analy-
ses tested the robustness of primary findings: a complete-
case analysis excluding individuals with missing data; ex-
clusion of CKD patients; and restriction to patients with
available LVEF data. Finally, Receiver operating charac-
teristic (ROC) curve analysis was performed to assess the
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predictive value of HCR and BNP for 180-day mortality or
readmission after hospital discharge, with the optimal cut-
off value determined based on the Youden index. Data were
analyzed using R software (version 4.2.1, R Foundation for
Statistical Computing, Vienna, Austria) and Free Statistics
software (version 1.7.1, Free Clinical Medical Technology
Co., Ltd, Beijing, China). A two tailed p-value of 0.05 or
less was deemed to be statistically significant.

3. Results
3.1 Baseline Characteristics

A total of 1781 patients met the selection criteria and
were included in the final analysis. The baseline character-
istics of the study population are summarized in Table 1.
Overall, 41.0% of the population was over 80 years of age,
and 40.4% of male. Within 90 days of hospital discharge,
27.0% of patients experienced readmission or mortality, a
figure that increased to 41.6% by the 180-day follow-up.
Compared to patients in the higher HCR tertiles (T2 and
T3), those in the lowest HCR tertile (T1) were relatively
older and more likely to be male. They also exhibited lower
MAP, lower heart rate, poor cardiac function and higher
CCI scores. Patients with lower HCR were more likely to
have a history of CKD, along with higher creatinine lev-
els and lower hemoglobin levels. Regarding other labora-
tory parameters, lower HCR correlated with higher potas-
sium, lower sodium, lower albumin, lower bilirubin and
higher BNP levels. Differences among the groups were
also observed in the use of loop diuretics, RAAS inhibitors,
spironolactone and beta-blockers.

3.2 Association Between HCR and Post-Discharge
Readmission or Mortality

The cumulative incidence of readmission or mortality
within 180 days after discharge was evaluated across HCR
tertiles. Patients with lower HCR exhibited a higher rate of
readmission or mortality (log-rank p < 0.0001; Fig. 2A). A
similar pattern was observed for the 90-day post-discharge
outcome (log-rank p < 0.0001; Fig. 2B).

Unadjusted and adjusted Cox regression models were
employed to further evaluate the association between HCR
and post-discharge outcomes (Table 2). In univariable anal-
ysis, higher HCR was significantly associated with a lower
risk of 180-day composite outcome (Model 1: HR = 0.72,
95% CI: 0.65-0.81, p < 0.001). The inverse association
persisted in multivariable models (Model 2: HR = 0.72,
95% CI: 0.64-0.81, p < 0.001; Model 3: HR = 0.76, 95%
CI: 0.67-0.87, p < 0.001). When analyzed categorically
by tertile, both tertile 2 (HR = 0.74, 95% CI: 0.61-0.88, p
= 0.001) and tertile 3 (HR = 0.58, 95% CI: 0.47-0.71, p
< 0.001) showed a lower risk of the composite endpoint
compared with tertile 1, after adjusting for age, sex, BMI,
CCI, LVEF, NYHA classification, MAP, diabetes, CKD,
sodium, potassium, albumin, BNP, bilirubin, loop diuretics,
RAAS inhibitor, beta blocker, and inotropes. Linear trend
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Table 1. Characteristics of the study population according to the tertiles of hemoglobin-to-creatinine ratio.

. Total T1 (<1.03) T2 (>1.03, <1.65) T3 (>1.65)
Variables
(n=1781) (n=1599) (n=594) (n=588)
Age >80y, n (%) 730 (41.0) 287 (47.9) 256 (43.1) 187 (31.8) <0.001
Male, n (%) 720 (40.4) 291 (48.6) 267 (44.9) 162 (27.6) <0.001
MAP, mmHg 95.0 £+ 16.1 93.1+16.5 95.0 +£16.3 969 £ 153 <0.001
Heart rate, bpm 84.6 +21.5 80.7 + 20.6 87.3+223 85.8 +21.2 <0.001
Respiratory rate, bpm 19.1 £ 1.7 19.0 £ 1.7 191+ 1.7 19.0+ 1.7 0.563
Temperature, °C 364104 36.4+0.5 364+ 04 364+ 04 0.207
BMI (kg/m?) 20.8 (18.4,23.4) 20.6 (18.4,23.4) 20.7 (18.4,23.1) 21.1(18.5,23.5) 0.151
NYHA classification, n (%) <0.001
I 309 (17.3) 84 (14.0) 106 (17.8) 119 (20.2)
I 918 (51.5) 290 (48.4) 300 (50.5) 328 (55.8)
v 554 (31.1) 225 (37.6) 188 (31.6) 141 (24.0)
LVEF, n (%) 0.003
>50% 312 (17.5) 91 (15.2) 102 (17.2) 119 (20.2)
<50% 245 (13.8) 68 (11.4) 78 (13.1) 99 (16.8)
Missing 1224 (68.7) 440 (73.5) 414 (69.7) 370 (62.9)
CCL n (%) <0.001
<2 710 (39.9) 175 (29.2) 250 (42.1) 285 (48.5)
>2 1071 (60.1) 424 (70.8) 344 (57.9) 303 (51.5)
Comorbidities, n (%)
Diabetes 422 (23.7) 160 (26.7) 128 (21.5) 134 (22.8) 0.091
CKD 434 (24.4) 298 (49.7) 111 (18.7) 25 (4.3) <0.001
COPD 220 (12.4) 66 (11.0) 83 (14.0) 71 (12.1) 0.291
Dementia 112 (6.3) 31(5.2) 38 (6.4) 43 (7.3) 0314
Cerebrovascular disease 131 (7.4) 39 (6.5) 47 (7.9) 45 (7.7) 0.614
Laboratory tests
Sodium (mmol/L) 138.4 + 4.9 137.1 £5.0 138.7 + 4.7 139.2 +£ 4.8 <0.001
Potassium (mmol/L) 4.0+0.7 434038 39406 3.8+£0.6 <0.001
White blood cell (109/L) 6.4 (5.0, 8.6) 6.2 (4.8,8.5) 6.5(5.1,8.8) 6.4(52,8.2) 0.124
Hemoglobin (g/L) 113.7 +24.0 96.5 +24.1 118.8 £ 19.5 126.1 + 16.8 <0.001
Platelet (10°/L) 133.0 (99.0, 172.0) 131.0 (95.5, 178.0) 134.0 (96.0, 170.0)  134.0(104.0,170.2)  0.721
Albumin (g/L) 36.4 +4.7 350+ 438 36.8 £4.5 37.6 £ 4.5 <0.001
Bilirubin (umol/L) 17.9 (12.2,26.7) 15.5(10.1, 25.3) 18.9 (13.4,27.7) 18.1 (13.5, 26.6) <0.001
Creatinine (pmol/L) 88.7 (65.7,124.2) 146.5 (120.8, 199.8) 90.4 (79.1, 102.1) 60.8 (52.3, 68.7) <0.001
BNP (pg/mL) 766.2 (319.4,1722.0) 1001.0 (412.9,2235.0) 778.8 (393.5,1775.0) 524.4(212.4,1231.0) <0.001
hs-troponin (pg/mL) 0.1 (0.0, 0.1) 0.1 (0.0, 0.2) 0.1 (0.0, 0.1) 0.0 (0.0,0.1) <0.001
Medication, n (%)
Loop diuretics 1719 (96.5) 587 (98.0) 579 (97.5) 553 (94.0) <0.001
RAAS inhibitor 665 (37.3) 174 (29.0) 252 (42.4) 239 (40.6) <0.001
Spironolactone 1624 (91.2) 520 (86.8) 560 (94.3) 544 (92.5) <0.001
Beta-blocker 658 (36.9) 179 (29.9) 238 (40.1) 241 (41.0) <0.001
Inotropes 1293 (72.6) 429 (71.6) 445 (74.9) 419 (71.3) 0.298
Statin 768 (43.1) 267 (44.6) 258 (43.4) 243 (41.3) 0.519
Antiplatelet drugs 1114 (62.5) 385 (64.3) 378 (63.6) 351(59.7) 0.212

Data are shown as the mean (standard deviation), median (interquartile range), or numbers (%).
Abbreviations: MAP, mean arterial pressure; BMI, body mass index; NYHA classification, New York Heart Association classification;
LVEF, left ventricular ejection fraction; CCI, Charlson Comorbidity Index; CKD, chronic kidney disease; COPD, chronic obstructive

pulmonary disease; BNP, brain natriuretic peptide; hs-troponin, high sensitivity troponin; RAAS, renin-angiotensin-aldosterone system.

tests across tertiles were statistically significant in all three Multivariable-adjusted restricted cubic spline analysis
models. A comparable relationship was observed between  revealed a linear association between HCR and 180-day as
HCR and 90-day composite outcome. well as 90-day readmission or mortality in elderly heart fail-
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in elderly HF patients. Data were fitted by a multivariable-adjusted restricted cubic spline Cox’s regression. A linear association

between HCR and 180-day and 90-day post-discharge composite outcomes was observed. HCR was entered as a continuous variable,

the variables in model 3 of Table 2 were adjusted. The curves line and shaded ribbons around represented the estimated values and their

corresponding 95% confidence intervals. HF, heart failure.

ure patients (Fig. 3). Given the linearity of the associations,  sion after discharge (HR = 0.76, 95% CI: 0.67-0.87) and a
the effect sizes are appropriately summarized as hazard ra- 15% reduction in the risk of the 90-day composite outcome
tios per 1-unit increase in HCR. In the fully adjusted model (HR =0.85, 95% CI: 0.72-1.00).

(Model 3), each 1-unit increase in HCR was associated with

a24% reduction in the risk of 180-day mortality or readmis-
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Table 2. Results of Cox regression between HCR and composite outcome in patients with heart failure.

Model 1 Model 2 Model 3
Event (%)
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

180-day readmission or mortality after hospital discharge

HCR 741 (41.6) 0.72(0.65-0.81) <0.001 0.72 (0.64-0.81) <0.001  0.76 (0.67-0.87)  <0.001
Tertiles of HCR

T1 307 (51.3) Reference Reference Reference

T2 242 (40.7)  0.72(0.61-0.86)  0.001 0.72 (0.61-0.85)  <0.001  0.74 (0.61-0.88) 0.001

T3 192 (32.7) 0.54(0.45-0.65) <0.001 0.54 (0.45-0.65) <0.001 0.58 (0.47-0.71) <0.001

p for trend <0.001 <0.001 <0.001
90-day readmission or mortality after hospital discharge

HCR 480 (27.0) 0.71 (0.61-0.81) <0.001  0.71(0.62-0.82) <0.001  0.85 (0.72-1.00) 0.052
Tertiles of HCR

Tl 212 (35.4) Reference Reference Reference

T2 155(26.1)  0.69 (0.56-0.85)  0.001 0.69 (0.56-0.85) <0.001  0.74 (0.59-0.92) 0.007

T3 113(19.2) 0.49(0.39-0.62) <0.001  0.49 (0.39-0.62) <0.001 0.58 (0.45-0.75) <0.001

p for trend <0.001 <0.001 <0.001

Model 1 adjusted for nothing; Model 2 adjusted for age, sex, and BMI; Model 3 adjusted for age, sex, BMI, CCL, LVEF,
NYHA classification, MAP, diabetes, CKD, sodium, potassium, albumin, BNP, bilirubin, loop diuretics, RAAS inhibitor,

beta blocker, inotropes.

Abbreviations: HCR, hemoglobin-to-creatinine ratio, HR, Hazard ratio; BMI, body mass index; CI, confidence interval;
CClI, Charlson Comorbidity Index; LVEEF, left ventricular ejection fraction; NYHA, New York Heart Association; MAP,
mean arterial pressure; CKD, chronic kidney disease; BNP, brain natriuretic peptide; RAAS, renin-angiotensin-aldosterone

system.

3.3 Subgroup and Sensitivity Analyses

Stratified analyses of the association between HCR
and 180-day post-discharge outcomes are presented in Ta-
ble 3. A significant interaction was observed for age (p for
interaction < 0.05). The respective HRs for the 60—-80 years
and over-80 years groups were 0.67 (95% CI: 0.57-0.81)
and 1.13 (95% CI: 0.90-1.43). No other significant interac-
tions were detected across the remaining subgroups, includ-
ing sex, BMI (<18.5, 18.5-24, >24), NYHA classification,
CCI (<2, >2), diabetes, COPD, dementia, LVEF value
(>50%, <50%, and missing), and cerebrovascular disease
(all p for interaction > 0.05). Similar results were observed
in subgroup analyses for the secondary endpoint of 90-day
readmission or mortality after discharge (Supplementary
Table 1).

Further sensitivity analyses, which excluded patients
with missing values, pre-existing CKD or missing LVEF
values, also confirmed the stability of the association be-
tween HCR and readmission or mortality after hospital dis-
charge (Supplementary Tables 2,3,4).

3.4 ROC Analysis

The ROC analysis results are included in the Sup-
plementary Materials (Supplementary Table 5, Supple-
mentary Fig. 1). The areas under the ROC curve (95%
CI) for HCR and BNP were 0.585 (0.559-0.612) and 0.544
(0.516-0.571), respectively, with optimal cutoff values of
1.10 and 741.34. Additionally, the area under the ROC

curve (95% CI) for the combination of HCR and BNP was
0.591 (0.565-0.618).

4. Discussion

This study investigated the association between HCR
and post-discharge readmission or mortality in elderly HF
patients in China, revealing that higher HCR correlated
with a lower risk of the outcomes within 180 days after
discharge. Subgroup and sensitivity analyses further con-
firmed the robustness of this association.

Anemia, characterized by reduced hemoglobin levels,
is highly prevalent among HF patients, affecting approx-
imately 40% of individuals across all age groups [8]. Its
prevalence may be even greater in older HF patients, as
anemia incidence rises with age. The prognostic impact of
anemia in HF remains controversial. Although some stud-
ies suggest a deleterious effect on outcomes [16—18], others
have not corroborated this finding [19-21]. The etiology of
anemia in HF is multifactorial, involving renal impairment,
iron metabolism disturbances, impaired bone marrow func-
tion, disrupted erythropoietin synthesis and response, and
activation of neurohormonal and proinflammatory path-
ways [22-24]. One proposed key mechanism is a blunted
erythropoietin response secondary to HF-induced renal im-
pairment [23]. Anemia reduces oxygen delivery, elicit-
ing hemodynamic and neurohormonal alterations in HF pa-
tients [25]. The consequent elevation in cardiac workload
may further stimulate sympathetic nervous activity, poten-
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Table 3. Subgroup analysis of the association of HCR and
180-day readmission or mortality after hospital discharge.

Subgroup Events (%) HR (95% CI) p for interaction
Sex
Female 427 (40.2)  0.81 (0.68-0.95) 0.054
Male 314 (43.6) 0.75(0.57-0.97)
Age
>80 299 (41.0)  1.13(0.90-1.43) 0.006
<80 442 (42.1)  0.67 (0.57-0.81)
BMI
<18.5 199 (43.0)  0.83 (0.63-1.09) 0.936
18.5-24 391 (41.2)  0.81 (0.66-0.99)
>24 151 (41.0)  0.81 (0.60-1.09)
NYHA classification
I 101 (32.7)  0.71 (0.48-1.05) 0.197
I 366 (39.9) 0.81 (0.67-0.97)
v 274 (49.5)  0.92(0.71-1.19)
LVEF 0.574
>50% 129 (41.3)  0.71 (0.49-1.04)
<50% 105 (42.9)  0.81(0.52-1.27)
Missing 507 (41.4)  0.82(0.70-0.96)
CCI
<2 281 (39.6)  0.69 (0.55-0.85) 0.254
>2 460 (43.0)  0.89 (0.74-1.06)
Diabetes
No 539 (39.7)  0.73 (0.61-0.86) 0.221
Yes 202 (47.9)  0.98 (0.76-1.25)
COPD
No 653 (41.8)  0.82(0.71-0.95) 0.347
Yes 88 (40.0) 0.83 (0.51-1.34)
Dementia
No 685 (41.0)  0.81(0.70-0.94) 0.819
Yes 56 (50.0) 0.66 (0.35-1.23)
Cerebrovascular disease
No 686 (41.6)  0.77 (0.66-0.89) 0.444
Yes 55 (42.0) 1.29 (0.74-2.22)

Abbreviations: HCR, hemoglobin-to-creatinine ratio; HR, hazard
ratio; CI, confidence interval; BMI, body mass index; NYHA clas-
sification, New York heart association classification; CCI, Charl-
son Comorbidity Index; COPD, chronic obstructive pulmonary

disease; LVEF, left ventricular ejection fraction.

tially driving ventricular hypertrophy and myocardial re-
modeling, and ultimately increasing morbidity and mortal-
ity risk [8,26]. Older anemic patients often coexist with co-
morbidities such as hypoproteinemia, impaired nutritional
status, CKD, diabetes, frailty, and cardiac cachexia, all of
which may contribute to adverse outcomes [9,27]. Fur-
thermore, anemia is often accompanied by a dysregulated
proinflammatory and neurohormonal status, which can neg-
atively influence HF prognosis [28].

Renal impairment is another frequent complication in
HF patients. It has been estimated that 63% of HF pa-
tients exhibit some degree of renal dysfunction, with 29%
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presenting with severe CKD [29]. Evidence suggests that
this prevalence may be underestimated [30]. Venous con-
gestion and decreased renal perfusion are considered major
contributors to kidney impairment in HF [31]. Additional
factors, including HF progression, anemia, RAAS stimula-
tion and increased sympathetic activity, also promote renal
dysfunction [5,32]. Converging evidence indicates that re-
nal dysfunction is associated with increased risk of mortal-
ity and morbidity in HF patients [31,33]. Renal dysfunc-
tion, particularly CKD, can induce various cardiac abnor-
malities, such as accelerated atherosclerosis, microvessel
disease, coronary endothelial dysfunction, depleted cardiac
energy reserves, and sympathetic overactivation [34].

HCR was first introduced by Numasawa in 2020 [35],
who observed an inverse correlation between HCR and in-
hospital mortality and bleeding complications among non-
dialysis patients undergoing percutaneous coronary inter-
vention (PCI). Because HCR can be easily obtained from
routine laboratory tests without requiring external technol-
ogy, and given the high prevalence of anemia and renal im-
pairment across many diseases, this composite indicator has
attracted considerable research interest. In a study by Demir
and colleagues, a higher HCR was found to be associated
with a lower 5-year mortality rate in patients with acute
coronary syndrome [36]. Another study assessed the asso-
ciation between HCR and contrast induced nephropathy in
PCI patients and found that HCR was an independent pre-
dictor for this complication [37]. Moreover, a recent study
demonstrated that elevated HCR is associated with reduced
one-year mortality and HF hospitalization rates after tran-
scatheter aortic valve implantation [38]. Collectively, these
studies indicate that higher HCR levels are associated with
a lower risk of adverse prognosis compared to lower lev-
els. In the present study, we also found that a higher HCR
was independently associated with decreased risk of read-
mission or death within 180 days of discharge in elderly HF
patients. This association remained robust across multiple
sensitivity analyses and most subgroups. The mechanism
linking HCR to outcomes in HF patients remains incom-
pletely understood. As established previously, both anemia
and renal impairment frequently coexist in HF patients and
accelerate disease progression by amplifying key patholog-
ical pathways such as inflammation, oxidative stress, sym-
pathetic nervous system and RAAS stimulation [34]. When
anemia and renal dysfunction arise during the course of HF,
these mechanisms can be perpetuated and enhanced through
positive feedback loops, progressively worsening the dis-
ease, complicating its management, and ultimately leading
to a poor prognosis [11]. Thus, it may be speculated that
anemia and renal impairment act synergistically to multi-
ply the risk of poor prognosis of HF patients. Additionally,
HF itself can cause progressive renal dysfunction, which
may subsequently contribute to anemia. Thus, as HF pro-
gresses, the HCR is likely to increase gradually. However,
it remains uncertain whether a low HCR serves as an in-
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dependent prognostic marker or simply reflects overall HF
severity. Based on the aforementioned evidence, the coex-
istence of heart failure, anemia, and renal dysfunction ap-
pears to form a pathological triangle (cardiorenal anemia
syndrome) [34]. These three conditions mutually exacer-
bate one another, creating a vicious cycle that ultimately
leads to adverse clinical outcomes in HF patients.

Given the significant burden of HF, accurate risk strat-
ification after hospital discharge is important for optimiz-
ing patient management. The prognostic value of HCR
was further underscored by ROC analysis. Notably, HCR
demonstrated a comparable discriminatory ability to the es-
tablished biomarker BNP. Moreover, the combination of
HCR and BNP yielded a higher area under the curve (AUC),
suggesting that HCR provides complementary prognostic
information that is not fully captured by BNP alone. Given
that HCR is derived from routine, low-cost blood tests, it is
readily available in virtually all clinical settings without ad-
ditional financial burden. Thus, HCR may serve as a practi-
cal and cost-effective prognostic marker for post-discharge
risk assessment in elderly HF patients, with potential util-
ity in guiding out-hospital management and improving out-
comes in this high-risk population. The results also under-
score the importance of systematically monitoring anemia
and renal function in HF patients to facilitate early iden-
tification and timely intervention, which could further op-
timize HF management and improve outcomes. Although
single HCR measurements show prognostic value, longi-
tudinal tracking may offer additional insights into disease
progression. These findings position HCR as both a promis-
ing risk-stratification tool and a reminder of the value of
integrated anemia-renal assessment in comprehensive HF
care. Further studies are warranted to validate these poten-
tial benefits.

Subgroup analysis revealed a significant interaction
effect across age groups, indicating that the association be-
tween HCR and post-discharge prognosis is not uniform
across the elderly population.

This may be partly explained by the escalating preva-
lence of frailty and sarcopenia in the oldest-old population.
Age-related reduction in muscle mass leads to a spuriously
lower serum creatinine level, thereby decoupling creatinine
from true renal function. In this context, the HCR may be
transformed from an integrative cardio-renal biomarker into
a potential surrogate marker for frailty and sarcopenic sta-
tus, which are powerful independent predictors of poor out-
comes. Clinicians should therefore be cautious when apply-
ing HCR for risk stratification in very old and potentially
frail patients.

5. Limitations

Several limitations of this study deserve mention.
First, the study population was recruited from a single cen-
ter in Zigong, China, which may limit the generalizability of
our findings. Second, despite adjustment for several covari-

ates in regression models, residual confounding may per-
sist due to unmeasured factors such as frailty, inflamma-
tory markers, nutritional status, iron metabolism markers,
psychosomatic state, and socioeconomic status. Moreover,
data on iron supplementation, erythropoietin-stimulating
agents, and nephroprotective drug use were lacking in this
database, potentially influencing the observed associations.
Third, as a retrospective analysis, the study can only indi-
cate an association between HCR and post-discharge out-
comes rather than establish causality. Consequently, HCR
should be viewed as a risk stratification tool rather than a
modifiable target. Fourth, the database does not include
data on HF type, such as acute/chronic status or other types.
Given the distinct characteristics of HF subtypes, the asso-
ciation between HCR and outcomes might be differentially
modified by HF type. Further investigation is warranted to
elucidate the prognostic utility of HCR across these sub-
types. Fifth, the high missingness of LVEF may bias the
results. Nevertheless, a sensitivity analysis restricted to
patients with available LVEF data yielded results consis-
tent with our primary findings, strengthening the robust-
ness of the observed association between HCR and out-
comes. Future studies should implement stricter protocols
to minimize missing data through prospective design and
standardized data collection. Finally, the underlying causes
of renal impairment and anemia were not available in this
database. Notwithstanding these limitations, this study con-
tributes meaningfully to identifying appropriate indicators
for distinguishing older HF patients at elevated risk of ad-
verse outcomes after discharge. Future large-scale, multi-
center studies involving more diverse patient cohorts are
warranted to validate our findings. Moreover, interven-
tional studies are needed to determine whether targeting
anemia and renal dysfunction can improve outcomes in this
vulnerable population.

6. Conclusions

The study found an inverse association between HCR
and the risk of readmission or mortality within 180 days
after hospital discharge in elderly HF patients. HCR may
serve as a simple and cost-effective method for stratifying
risk in elderly HF patients who survive to discharge.
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