
1

Vol.:(0123456789)

Scientific Reports |        (2024) 14:21672  | https://doi.org/10.1038/s41598-024-72137-0

www.nature.com/scientificreports

High‑sensitivity C‑reactive protein 
and risk of clinical outcomes 
in patients with acute heart failure
Enrique Santas 1,2,8, Sandra Villar 1,8, Patricia Palau 1,2, Pau Llàcer 3, Rafael de la Espriella 1, 
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Inflammation is relevant in the pathogenesis and progression of heart failure (HF). Previous studies 
have shown that elevated high-sensitivity C-reactive protein (hsCRP) are associated with greater 
severity and may be associated with adverse outcomes. In this study, we sought to evaluate the 
prognostic role of hsCRP in a non-selected cohort of patients with acute HF. We prospectively 
included a multicenter cohort of 3,395 patients following an admission for acute HF. HsCRP levels 
were evaluated during the first 24 h following admission. Study endpoints were the risks of all-
cause mortality, CV-mortality, and total HF readmissions. The mean age was 74.2 ± 11.2 years and 
1,826 (53.8%) showed a left ventricular ejection fraction (LVEF) ≥ 50%. Median hsCRP was 12.9 mg/L 
(5.4–30 mg/L). Over a median follow-up of 1.8 (0.6–4.1) years, 1,574 (46.4%) patients died, and 1,341 
(39.5%) patients were readmitted for worsening HF. After multivariable adjustment, hsCRP values 
were significantly and positively associated with a higher risk of all-cause and CV mortality (p = 0.003 
and p = 0.001, respectively), as well as a higher risk of recurrent HF admissions (p < 0.001). These results 
remained consistent across important subgroups, such as LVEF, sex, age, or renal function. In patients 
with acute HF, hsCRP levels were independently associated with an increased risk of long-term death 
and total HF readmissions.
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Inflammation is a relevant mechanism in the pathophysiology of heart failure (HF)1,2. Patients with HF exhibit 
higher circulating levels of pro-inflammatory cytokines compared with healthy individuals, irrespective of left 
ventricular ejection fraction (LVEF) status1–4. Systemic inflammation has been postulated to promote HF, but 
also may contribute to disease progression, leading to an adverse cardiac remodeling, endothelial dysfunction, 
oxidative stress and systemic congestion1,2,5–7. The activation of systemic inflammation is more pronounced in 
acute HF, where inflammatory biomarkers are particularly raised8.

C-reactive protein (CRP) is an acute-phase protein widely used in daily clinical practice as an inflammatory 
biomarker. It is synthesized in the liver in response to the pro-inflammatory interleukin (IL) cascade, thus serv-
ing as a proxy marker for the IL-1/IL-6 pathway activity9,10. Several studies have shown that IL-1/IL-6 signaling 
pathways exert deleterious cardiac and systemic effects, and are linked to disease progression in HF1,2,11. The 
blockade of the IL-1/IL6 axis is under evaluation as a potential therapeutical strategy in randomized clinical trials 
in HF, where elevated high-sensitivity CRP (hsCRP) levels serve as a key inclusion criterion12,13.

Inflammatory mediators, particularly hsCRP, are associated with a worse prognosis in HF5,14,15. Most of these 
studies have found a positive association between hsCRP and a higher risk of death, however, some studies have 
yielded contradictory results, and only very few studies have focused on the risk of readmissions14–17. In the 
present study, we aimed to assess the association between hsCRP levels and morbimortality burden. Specifically, 
we separately evaluated long-term mortality, and total HF readmissions following an admission for acute HF.
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Methods
Study group and protocol
This is a retrospective analysis from an ongoing multicenter prospective registry of 5222 consecutive patients 
admitted from January 2012 to December 2021 for acute HF in three hospitals in Spain. We excluded patients 
without assessment of hsCRP during admission (n = 1179). From the leaving sample (n = 4043), patients with in-
hospital death (n = 196) and patients with a clinical diagnosis of infection on admission (n = 452) were excluded. 
The final study sample included 3395 patients discharged for an acute HF admission (Fig. 1).

A comprehensive dataset of demographics, medical history, standard laboratory, echocardiographic param-
eters, and treatments at discharge was routinely recorded using pre-established registry questionnaires during 
the index hospitalization. Either patients with new-onset or worsening HF were enrolled in the registry. Acute 
HF was defined according to the running European Society of Cardiology Clinical Practice Guidelines though 
the study timeline18,19. Treatment strategies were individualized following established guidelines operating when 
patients were included in the registry18,19. The study was conformed to the principles outlined in the 1975 Dec-
laration of Helsinki and was approved by the institutional, local review ethical committees. All patients gave 
written informed consent.

C reactive protein measurement
Plasma levels of hsCRP were routinely obtained within the first 24 h after admission, along with other biochemi-
cal variables such as plasma N-terminal pro-B-type natriuretic peptide (NT-proBNP), blood cells count, blood 
urea nitrogen, creatinine, sodium, and potassium.

Follow‑up and endpoints
The endpoints of interest were post-discharge mortality (total and cardiovascular (CV)), and total HF readmis-
sions. CV death was considered secondary to worsening HF, acute myocardial infarction, stroke or transient 
ischemic attack, cardiac arrhythmias, peripheral artery disease or sudden cardiac deaths. For the readmission 
endpoint, only unplanned readmissions were registered. The assessment of endpoints was performed by veri-
fying the patient’s survival status or occurrence of readmission by reviewing electronic medical records of the 
public health care system in the Valencian Community. This assessment utilized data from the SIA-GAIA and 
Orion Clinics electronic databases, which comprehensively record all medical interactions occurring in the 
public healthcare system. Endpoint adjudication was performed by paired investigators who were blinded to 
hsCPR values.

Statistical analysis
Continuous variables were presented as mean ± standard deviation (SD) or median (P25 to P75), as appropriate. 
Discrete variables were expressed as percentages. We assessed hsCRP levels both as quartiles and as a continuous 
variable. The association between hsCRP levels and all-cause and CV mortality was evaluated using a Cox regres-
sion analysis, and results were reported as hazard ratios (HR) with 95% confidence intervals (CI). Cox regression 
estimates for CV death were adjusted for non-CV death as a competing event. For the readmission endpoint, 

Fig. 1.   Flowchart of the patients included in the study. HF heart failure, hsCRP high-sensitivity C-reactive 
protein.
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negative binomial regression models were employed to simultaneously analyze the number of HF readmissions 
(as counts) and all-cause mortality (as a terminal event). Regression estimates for both outcomes were mutually 
adjusted by means of shared frailty (accounting for the positive correlation between the two outcomes). Risk 
estimates were expressed as incidence rate ratios (IRR).

The variables included in the multivariable models (for mortality and HF endpoints) were: age, sex, first HF 
admission, ischemic etiology, last known under stable conditions New York Heart Association (NYHA) class, 
atrial fibrillation, left bundle branch block, systolic blood pressure at admission, heart rate at admission, Charlson 
comorbidity index, NT-proBNP, blood urea nitrogen, estimated glomerular filtration rate, antigen carbohydrate 
125 and tricuspid annular plane systolic excursion by echocardiography. The model for CV mortality included 
the prior set of covariables plus non-CV death as a competing event. For both multivariate models, candidate 
covariates were chosen based on previous medical knowledge; then, a backward stepwise selection was per-
formed. During this selection process, the linearity assumption for all continuous variables was simultaneously 
tested, and the variable transformed, if appropriate, with fractional polynomials. All variables listed in Table 1 
were evaluated as potential covariates in the multivariable models, independently of their p-value.

We conducted subgroups analyses on the risk of recurrent HF admissions in pre-defined subgroups by age 
(≥ 75 years vs. < 75 years), sex (men vs women), left ventricular ejection fraction (LVEF) status (LVEF < 50% vs. 
LVEF ≥ 50%), or renal dysfunction (glomerular filtration rate < 60 ml/min vs ≥ 60 ml/min).

A 2-sided P-value of < 0.05 was considered statistically significant for all analyses. All survival analyses were 
performed using STATA 17.1 (StataCorp. 2018. Stata Statistical Software: Release 14.1. College Station, TX: 
StataCorp LP).

Results
The mean age of the cohort was 74.2 ± 11.2 years; 1528 (45%) were women, and 1.075 (31.7%) were previously 
admitted for HF. The number of patients with LVEF ≥ 50% was 1826 (53.8%). The median (p25 to p75) of hsCRP 
and NT-proBNP were 12.9 mg/L (5.4–30 mg/L) and 3573 pg/ml (1911–7121), respectively. Baseline character-
istics across quartiles of hsCRP in the study cohort are detailed in Table 1. Patients in the upper quartiles of 
hsCRP were more frequently men, more symptomatic, had suffered more previous HF admissions, a displayed 
a greater comorbidity burden. When moving from lower to upper quartiles patients had a worse renal function, 
higher leucocytes and plasma NT-proBNP values, and higher LVEF, but lower haemoglobin values. Likewise, 
patients in the upper quartiles received higher doses of diuretics and were less likely to receive renin–angioten-
sin–aldosterone system inhibitors (Table 1).

hsCRP levels and long‑term mortality
At a median (p25 to p75) follow-up of 1.8 (0.6–4.1) years, we recorded 1,574 (46.4%) deaths (15.6 per 100 person-
years). Of them, 708 (45% of deaths) were CV related (10.3 per 100 person-yeas). Kaplan–Meier plots showed 
a higher risk of all-cause mortality with increasing hsCRP levels (log-rank test; p = 0.002), with a higher risk of 
death when moving from the lower to the upper quartiles. These differences were clearly patent during the first 
four years (Fig. 2). Afterwards, the main differences were found between the lowest quartile and others (Fig. 2).

For CV death, we also found a higher risk of the endpoint with increasing hsCRP levels (Gray´s test, p < 0.001), 
with a stepwise increase in the risk from the lower to the upper quartiles for this endpoint (Fig. 3).

In multivariable survival analysis, the continuum of hsCRP was positively and significantly associated with 
the risk of all-cause and CV mortality (p = 0.003 and p = 0.001; respectively) displaying a sigmoid-shaped curve 
(Fig. 4). Below 20 mg/L, each increase in hsCRP was positively and sharply associated with an increased risk. 
Above 20–25 mg/L, further increases in hsCRP did not translate into a meaningful increase of risk (Fig. 4A). A 
similar but even more marked pattern of risk was found for CV mortality (Fig. 4B).

hsCRP and recurrent HF hospitalizations
Along the follow up we registered 2721 HF-rehospitalizations in 1341 patients (39.5%). The number of patients 
with 1, 2, 3, 4, and 5 or more hospitalizations was 699, 306, 154, 82, and 60, respectively.

The rates (per 100 person-years) of HF hospitalizations increased when moving from the lowest to the upper 
quartiles of hsCRP [36.4, 40.0, 43.8, and 48.0, respectively (p-value = 0.006)]. Multivariate risk estimates, also 
accounting for the risk of death, showed that higher hsCRP remained independently related to an increased risk 
of total HF rehospitalizations (Fig. 5). The gradient of HF hospitalizations risk attributable to hsCRP was also 
non-linear, with a sharp risk increase until 20 mg/L, followed by a risk plateau (Fig. 4). Compared to patients in 
the lowest quartile (< 5.4 mg/L), patients in the second and third quartiles showed a significantly higher risk of 
recurrent admissions (IRR = 1.22, CI 95%:1.04 to 1.44) and IRR = 1.18, CI 95%: 1.01 to 1.39, respectively), but 
not those in the upper quartile (IRR = 1.14, CI 95%: 0.97 to 1.34).

We conducted sensitivity analyses across important pre-defined subgroups, based on age, gender, LVEF 
status, or renal function. Overall, there was no evidence of risk disparities among the different subgroups (p for 
interaction = 0.677, 0.492, 0.336, and 0.785; respectively), as it is shown in supplementary Fig. 1.

Discussion
In this study, we assessed the prognostic value of hsCRP in the whole spectrum of patients following an episode 
of acute HF in clinical daily practice. Our analysis revealed that hsCRP was independently associated with a 
higher risk of mortality and total HF hospitalizations during follow-up.

These results underscore the prognostic value of this biomarker in HF, notably concerning HF readmission 
risk, an aspect that has shown inconsistent findings in prior studies, and highlight the importance of systemic 
inflammation in the pathogenesis and progression of HF.



4

Vol:.(1234567890)

Scientific Reports |        (2024) 14:21672  | https://doi.org/10.1038/s41598-024-72137-0

www.nature.com/scientificreports/

Table 1.   Baseline characteristics across hsCRP quartiles. Data given as n (%), mean ± standard deviation 
or median (P25 to P75)*. BUN blood urea nitrogen, CA125 carbohydrate antigen 125, COPD chronic 
obstructive pulmonary disease, DBP diastolic blood pressure, GFR glomerular filtration rate, HF heart failure, 
HsCRP high-sensitivity C-reactive protein, IVS interventricular septum, MRA mineral receptor antagonist, 
NT-proBNP amino-terminal pro-brain natriuretic peptide, NYHA New York Heart Association, LAD left 
atrial diameter, LV left ventricular, LVEF left ventricular ejection fraction, PAD peripheral artery disease, 
PASP pulmonary arterial systolic pressure, RAAS renin–angiotensin–aldosterone system, SBP systolic blood 
pressure, TAPSE tricuspid annular plane systolic excursion, WBC white blood count.

Total population 
(n = 3395)

hsCRP Q1, 3 mg/L 
(1.7–4.1 mg/L) (n = 848)

hsCRP Q2, 8–7 mg/L 
(7.0–10.4 mg/L) 
(n = 848)

hsCRP Q3, 19.0 mg/L 
(15.6–23.4 mg/L) 
(n = 848)

hsCRP Q4, 55.2 mg/L 
(40.0–89.3 mg/L) 
(n = 849) p-value for trend

Demographics and medical history

 Age, years 74.2 ± 11.2 75.1 ± 10.9 73.2 ± 11.8 74.9 ± 10.9 74.2 ± 11.2 0.964

 Women, n (%) 1528 (45.0) 452 (50.1) 376 (44.3) 365 (43.0) 362 (45.0) 0.006

 First HF admission, 
n (%) 2320 (68.3) 607 (71.6) 602 (70.9) 561 (66.1) 550 (64.8) 0.003

 Prior NYHA class III/
IV, n (%) 531 (15.6) 107 (12.6) 129 (15.2) 144 (17.0) 151 (17.8) 0.018

 Hypertension, n (%) 2678 (78.9) 661 (77.9) 640 (75.4) 669 (78.8) 708 (83.4) 0.001

 Diabetes mellitus, n (%) 1484 (43.7) 340 (40.1) 371 (43.7) 394 (46.4) 379 (44.6) 0.031

 Dyslipidemia, n (%) 1827 (53.8) 459 (54.1) 446 (52.5) 461 (54.3) 461 (54.3) 0.860

 Current smoker, n (%) 426 (12.5) 96 (11.3) 129 (15.2) 117 (13.8) 84 (9.9) 0.262

 Ischemic heart disease, 
n (%) 1076 (31.7) 227 (32.7) 224 (28.7) 273 (32.2) 282 (33.2) 0.188

 PAD, n (%) 338 (10.0) 65 (7.7) 72 (8.5) 89 (10.5) 112 (13.2) 0.001

 COPD, n (%) 696 (20.5) 159 (18.8) 170 (20.2) 195 (23.0) 172 (20.3) 0.178

 Charlson index 2.3 ± 1.9 2.0 ± 1.8 2.2 ± 1.9 2.4 ± 2.0 2.5 ± 2.0  < 0.001

Vital and physical signs

 Heart rate, beats/min 95.5 ± 27.6 93.8 ± 25.9 94.9 ± 28.7 97.6 ± 28.7 97.8 ± 27.0 0.042

SBP, mmHg 143.4 ± 30.5 143.5 ± 29.7 143.9 ± 30.5 143.7 ± 30.8 142.5 ± 30.9 0.512

 DBP, mmHg 80.1 ± 18.7 80.1 ± 18.5 81.3 ± 18.8 80.1 ± 18.0 78.8 ± 19.5 0.071

 Peripheral edema, n (%) 2141 (63.1) 495 (58.4) 560 (66.0) 543 (64.0) 543 (64.0) 0.052

 Pleural effusion, n (%) 1668 (49.1) 402 (47.7) 435 (51.2) 402 (47.3) 429 (50.5) 0.235

Blood tests

 Hemoglobin, g/dl 12.5 ± 20.0 12.8 ± 1.9 12.7 ± 1.8 12.4 ± 2.0 12.5 ± 2.0  < 0.001

 WBC count, 109/L 9.3 ± 3.6 8.7 ± 3.7 9.1 ± 3.5 9.3 ± 3.5 9.3 ± 3.6  < 0.001

 Neutrophiles, 109/L 6.8 ± 2.9 6.2 ± 2.9 6.6 ± 2.8 7.6 ± 2.9 7.5 ± 3.6  < 0.001

 Sodium, mEq/l 137.3 ± 4.2 137.8 ± 4.0 138.0 ± 4.6 138.3 ± 4.5 138.9 ± 4.1  < 0.001

 NT-proBNP, pg/ml* 3573 (1911–7121) 3065 (1552–5798) 3441 (1863–6916) 3865 (2101–7211) 4273 (2290–8682)  < 0.001

 Serum creatinine, mg/
dL 1.3 ± 0.7 1.2 ± 0.6 1.2 ± 0.6 1.3 ± 0.7 1.4 ± 0.8  < 0.001

 BUN, mg/dl 60.2 ± 31.0 55.6 ± 29.7 58.2 ± 29.4 61.3 ± 32.6 65.3 ± 35.0  < 0.001

 GFR, mL/min/1.73 m2* 61 (44–78) 64 (49–82) 63 (46–79) 58 (42–76) 57 (40–76)  < 0.001

 CA125, U/ml* 50 (22–114) 42 (20–108) 57 (25–120) 48 (22–108) 50 (22–114) 0.732

Electrocardiogram and echocardiography

 QRS > 120 ms, n (%) 1057 (31.1) 272 (32.1) 252 (29.7) 272 (32.0) 261 (30.7) 0.666

 AF, n (%) 1579 (46.5) 374 (44.1) 386 (45.5) 418 (49.2) 401 (47.6) 0.168

 LVEF, % 49.4 ± 15.3 48.9 ± 15.6 48.6 ± 15.8 49.0 ± 15.0 51.2 ± 15.0 0.002

 LVEF < 50%, n (%) 1569 (46.2) 399 (47.1) 412 (48.5) 413 (48.6) 345 (40.6) 0.002

 LAD, mm 44.1 ± 7.4 43.6 ± 7.2 44.1 ± 7.0 44.4 ± 6.7 44.1 ± 7.4 0.223

 IVS, mm 11.8 ± 2.0 11.2 ± 2.0 11.3 ± 1.9 11.2 ± 1.6 11.2 ± 1.9 0.521

 LV diastolic diameter, 
mm 54.0 ± 9.4 54.6 ± 9.5 54.8 ± 9.1 53.2 ± 9.0 53.4 ± 9.2 0.004

 TAPSE, mm 18.0 ± 3.7 18.4 ± 3.8 18.5 ± 3.8 18.8 ± 3.4 18.6 ± 3.5 0.413

 PASP, mm Hg 45.6 ± 12.3 44.1 ± 12.9 44.2 ± 12.7 46.4 ± 12.0 46.9 ± 12.3  < 0.001

Treatments at discharge

 Diuretics, n (%) 3754 (93.6) 922 (91.8) 959 (95.3) 938 (93.7) 935 (93.5) 0.019

 Beta-blockers, n (%) 2427(71.5) 625 (73.7) 614 (72.3) 604 (71.1) 584 (68.8) 0.144

 RAAS inhibitors, n (%) 2077 (61.2) 529 (62.4) 550 (64.8) 523 (61.6) 475 (55.9) 0.002

 MRA, n (%) 1146 (33.8) 284 (33.5) 297 (35.0) 274 (32.3) 291 (34.3) 0.674
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Inflammation in HF
Recent evidence accentuates the role of inflammatory biomarkers in HF, contributing to its pathophysiology 
across the entire spectrum of the disease1. Prior studies have established an independent link between CRP 
levels and an increased risk of developing HF5. Chronic inflammation leads to endothelial dysfunction, renin-
angiotensin and sympathetic systems activation, reduced myocardial contractility, and interstitial fibrosis, among 
other detrimental effects, promoting HF1,2. In established HF, inflammation, through a series of cytokines and 
other humoral and cellular mediators, also contributes to the disease progression, directly affecting systolic and 
diastolic functions, promoting adhesion molecule expression, interstitial collagen deposition, sodium retention, 

Fig. 2.   Kaplan–Meier curves for all-cause mortality across quartiles of high-sensitivity C-reactive protein. 
HsCRP high-sensitivity C-reactive protein.

Fig. 3.   Cumulative incidence curves for cardiovascular mortality across quartiles of high-sensitivity C-reactive 
protein. CV cardiovascular, HsCRP high-sensitivity C-reactive protein.
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and oxidative stress, thereby contributing to HF progression and multi-organ dysfunction1,2. While various 
mediators and pro-inflammatory cytokines have been identified as elevated in HF, much of this evidence is 
derived from studies on CRP5,8,14,15. CRP is produced in the liver as a response to inflammation under IL-1/IL-6 
pathway activation and is widely available in clinical practice9,10. Patients with HF often exhibit raised hsCRP 
levels, indicative of systemic inflammation, particularly during acute or worsening HF episodes, where levels are 
particularly increased1. Our study’s median hsCRP level was 14.9 mg/L, aligning with previous studies like the 
ASCEND-HF trial in which the median value was 12.6 mg/L8. Following an episode of worsening HF, hsCRP 
levels generally decrease but remain higher than the general population, indicative of HF as a chronic systemic 
inflammation state1,2,14.

There is growing data from randomized clinical trials and observational studies showing an association 
between elevated hsCRP levels and the risk of adverse outcomes in HF1,2,8,14,15,20. In chronic HF, a post-hoc 
analysis from Val-HEFT trial showed that elevated CRP levels were independently associated with adverse 
events in patients with HF with reduced ejection fraction (HFrEF)21. Likewise, in patients with HFpEF, hsCRP 
was also found to be related to a higher all-cause or CV mortality risk22. Similarly, in an observational study on 
4423 patients with chronic HF, elevated CRP levels were also a powerful independent predictor of mortality14. 
In acute HF, although few studies have been published, higher CRP is also linked to a higher risk of death. In the 
ATTEND registry, values over 10 mg/L were associated with a poorer survival23. Also, the dynamic evolution 
of hsCRP seems to be important. Patients who do no decrease or even rise hsCRP levels following discharge 
experience the highest mortality risk8,15. However, some studies have shown contradictory results. For instance, 
analysis from the CORONA or the RED-HF trials have found that CRP was not an independent predictor of 
mortality, or did not improve risk stratification models beyond natriuretic peptides15–17. Additionally, the asso-
ciation between CRP and morbidity burden has been less extensively examined, and some studies have failed to 
show an association between this biomarker and the risk of readmission8–18.

Fig. 4.   Hazard ratio depiction for mortality risk along the continuum of high-sensitivity C-reactive protein 
in the multivariable model. (A) All-cause mortality, (B) cardiovascular mortality. HsCRP high-sensitivity 
C-reactive protein.

Fig. 5.   Risk of recurrent heart failure admissions along the continuum of high-sensitivity C-reactive protein in 
the multivariable model. HsCRP high-sensitivity C-reactive protein.
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Our study expands and confirms previous data on the prognostic role of hsCRP in a large and representative 
cohort of patients with acute HF, showing that hsCRP was strongly associated with mortality but also with total 
HF admissions using recurrent events methodology. Interestingly, we found a positive association but not a 
progressive increase of risk at very high hsCRP values. Despite the exclusion of patients with clinical evidence of 
infection, we postulate that extreme values of hsCRP may identify those with active subclinical of subtle infections 
as a stressors of acute HF. Thus, these acute very high values may not accurately reflect HF-related inflammation 
and may not provide additional risk stratification value.

Different mechanisms may be behind this association between inflammation and a higher risk of readmissions 
in HF. A positive correlation between volume overload and markers of systemic inflammation, such as CRP or 
IL-6, have been described in previous studies24–26. In experimental models, venous congestion is a trigger for 
the activation of a maladaptive inflammatory cascade27,28. Inflammation exerts deleterious cardiac and systemic 
effects, leading to endothelial dysfunction, an increase in vascular permeability, triggering fluid extravasation. 
As a result, congestion and inflammation may reciprocally worsen each other, leading to episodes of worsening 
HF29,30.

Given the role of inflammation in promoting endothelial dysfunction, microvascular disease and increased 
arterial stiffness, hsCRP may be a more important feature in HFpEF than in HFrEF. In our data, patients with 
hsCRP in the upper quartiles showed a higher median LVEF, and we recently described that hsCRP and LVEF 
are positively correlated in HF, with higher levels in patients in the upper extreme of LVEF31. In contrast, CRP is 
an independent risk factor for both incident HFrEF or HFpEF5, and in our study this biomarker was associated 
with outcomes regardless of LVEF status, as it has also been observed in other studies15. So, despite the patho-
physiological differences between HFrEF and HFpEF, CRP is a useful biomarker for risk stratification in both 
phenotypes, reflecting the importance of inflammation across the entire spectrum of LVEF in HF.

Recently, novel inmunoassays analyses can measure upstream pro-inflammatory cytokines, such as IL-6, 
that it is the primary stimulus to produce CRP in the liver. Consequently, this biomarker is positively correlated 
to CRP concentrations in patients with HF20,32. Recent studies have postulated IL-6 as prognostic biomarker 
in HF20,32,33. Interestingly, the association of IL-6 to the risk of HF readmissions is also not consistent in prior 
studies, as it has been previously described with CRP20,32. Although IL-6 may become a promising biomarker in 
the future, it is seldom available in clinical daily practice. Alternatively, hsCRP (more available, longer half-life, 
and widely available) emerges as a reliable proxy of IL-6 inflammation pathway.

Clinical implications
First, we concur that a high hsCRP during hospital admission may help identify patients with a higher morbidity 
risk in the long-term follow-up. Identifying such patients may be important in transitional care and surveillance 
after hospital discharge, aiming to reduce the high morbidity burden in HF34,35.

Second, hsCRP may help in identifying patients who may benefit from specific anti-inflammatory therapies. In 
the CANTOS trial, targeted anti-cytokine therapy with a monoclonal antibody against IL-1β resulted in improved 
HF outcomes in patients with myocardial infarction with or without established HF36. The REDHART 2 trial 
assesses whether the IL-1 blockade with anakinra can improve cardiorespiratory fitness in patients with a recent 
decompensation of HF13. The ongoing HERMES trial (NCT05636176) is randomizing > 5000 patients with HF 
and LVEF > 40% to the IL-6 antagonist ziltivekimab vs. placebo, and will help to elucidate if the blockade of the 
innate immune system may reduce outcomes in HF. Of note, in all these trials, an elevated hsCRP (> 2 mg/L) 
is one the key inclusion criteria. Thus, hsCRP may aid in risk stratification in HF and identify patients with an 
inflammatory phenotype who may be candidates to specific anti-inflammatory therapies.

Limitations
First, this is an observational retrospective study, and therefore, residual confounders may be playing a role. 
Second, we did not assess other upstream inflammatory cytokines (such as IL-1β, TNF-alfa, or IL-6); thus, we 
could not perform a prognostic comparison among inflammatory markers Third, we did not evaluate the kinet-
ics of hsCRP, precluding to test the utility of hsCRP for monitoring the course of the disease and its prognostic 
implications. Fourth, the study lasted for almost a decade and medical treatment of HF has been improving over 
the years. This may introduce a bias in our results. However, the impact of contemporary HF therapies, such as 
SGLT2 inhibitors, on inflammation is still inconsistent37. Finally, pathophysiological mechanisms underlying 
our findings are out of the scope of our study.

Conclusions
In patients with acute HF, hsCRP levels were independently associated with an increased risk of post-discharge 
death and total HF readmissions. Future studies are warranted to confirm these results and to evaluate the clini-
cal implications of these findings.

Data availability
Data is available through a request directed to the corresponding author upon reasonable request.
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