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Objective: To quantitatively characterize the pattern of systemic impairment reflected by conventional biomarkers and assess how it relates to clinical outcomes and quality of life among patients hospitalized for heart failure (HF).

Methods: Patients hospitalized for HF from 52 hospitals in China were enrolled between 2016 and 2018. They were divided into developing and validating cohorts; the developing cohort was used for calculating the weights of biomarkers and constructing the multi-biomarker panel, while the validating one was used for evaluating the relationship between multi-biomarker points and outcomes. In total, five conventional biomarkers reflecting various pathophysiological processes were included in the panel: N-terminal pro-B type natriuretic peptide, high-sensitivity troponin T, hemoglobin, albumin, and creatinine. The weights of the biomarkers were defined based on their relationship with cardiovascular death, and each patient had a multi-biomarker point ranging from 0 to 12. The primary clinical outcome was cardiovascular death, and the other clinical outcomes included rehospitalization for HF, all-cause death, and all-cause rehospitalization in 1-year. The quality of life was measured using Kansas City Cardiovascular Questionnaire. Multi-variable Cox proportional hazard models were used to assess the risks of clinical outcomes, and generalized linear models were used to evaluate the quality of life.

Results: In total, 4,693 patients hospitalized for HF were included in this analysis; the median (interquartile range, IQR) age was 67 (57–75) years old and 1,763 (37.6%) were female. The median multi-biomarker point was 5 (IQR, 2–6). There were 18.0% of patients in the low point group (<2), 29.4% in the mid-low point group (2–4), 27.8% in the mid-high point group (5–6), and 24.7% in the high point group (>6). Compared with those in the low point group, the patients in the high point group had a significantly excess risk of cardiovascular death (adjusted hazard ratio: 5.69, 95% CI, 3.33–9.70). Furthermore, patients with higher points were also more prone to worse quality of life.

Conclusion: Systemic impairment reflected by abnormal conventional biomarker values was common amongst patients hospitalized for HF and had substantially cumulative adverse influence on clinical outcomes and quality of life.
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INTRODUCTION

Heart failure (HF) is a major public health problem affecting an estimated 64.3 million people worldwide, and it is also a life-threatening clinical syndrome requiring urgent and comprehensive management (1). The measurable circulating biomarkers have been demonstrated to intimately associate with clinical outcomes amongst patients with HF (2). In addition, a series of biomarker assays are strongly recommended by international clinical guidelines to predict the long-term prognosis, e.g., N-terminal pro-B type natriuretic peptide (NT-proBNP) and high-sensitivity troponin T (hs-cTNT) (3). Particularly, conventional biomarker assays are relatively simple, convenient, and without the necessity of high-tech equipment or highly educated clinicians, which makes it feasible and cost-effective to identify high-risk patients for further personalized care (4). To tailor targeted therapy and intensive follow-up rationally, an in-depth understanding of conventional biomarkers could be a promising step for risk stratification.

Although existing studies had examined the prognostic value of biomarkers (e.g., NT-proBNP, hs-cTNT, and hemoglobin) in prognosis prediction (3), several problems remain to be elucidated. Firstly, previous analyses mainly focused on individual biomarkers in isolation, and thus far, the description that focuses on the overall pattern of multiple conventional biomarkers reflecting “systemic impairment” and the basic pathophysiological burden is scarce (5, 6). Secondly, the relationship between multi-biomarker pattern and long-term clinical prognosis has not been quantitatively characterized (5, 6), and the relationship between the overall multi-biomarker pattern and post-discharge quality of life in patients with HF remains understudied. Understanding the implication of multi-biomarker patterns and systemic impairment would be beneficial to identify patients at high risk and tailor optimal treatment in the context of a growing population with HF.

Accordingly, using the data from a nationwide prospective cohort study enrolling patients hospitalized for HF, we aimed to (i) characterize the overall patterns of the systemic impairment reflected by conventional biomarkers, (ii) qualitatively and quantitatively evaluate the association between multi-biomarker pattern and clinical outcomes, and (iii) analyze the relationship between multi-biomarker pattern and quality of life.



MATERIALS AND METHODS


Study Design and Participants

The rationale and design of the China Patient-centered Evaluative Assessment of Cardiac Events Prospective Study of Heart Failure (China PEACE 5p-HF Study) had been published (7). Briefly, the China PEACE 5p-HF Study was a national, multicenter prospective, observational cohort study collecting hospitalization and long-term follow-up data of patients hospitalized for HF. From August 2016 to May 2018, 4,907 patients hospitalized for HF from 52 hospitals (48 tertiary and 4 secondary hospitals) located in 20 of 31 Chinese provinces (covering all economic-geographic regions in China) were enrolled. Eligible patients were ≥18-year old, local residents, and hospitalized with a primary diagnosis of de novo acute HF or decompensation of chronic HF. All participants provided written informed consents. In the current analysis, patients were excluded if they died during the index hospitalization, were lost to follow-up, lacked baseline blood samples for central assay, or lacked baseline left ventricular ejection fraction (LVEF). To construct the multi-biomarker point panel, patients were divided into developing and validating cohorts by their patient ID numbers (odd number in the developing cohort and even number in the validating cohort). The flow chart of the study cohort development is shown in Supplementary Figure 1, and the numbers of patients enrolled in each center are shown in Supplementary Table 1.

The China PEACE 5p-HF Study was approved by the ethics committees at Fuwai Hospital and collaborating sites. The investigation conforms with the principles outlined in the Declaration of Helsinki. The study was registered at www.clinicaltrials.gov (NCT 02878811).



Data Collection

The data of medical charts of index hospitalization were uploaded at collaborating sites and centrally abstracted at the national coordinating center. To ensure the quality of abstraction, we used a two-level quality control approach. Local investigators collected data via interview using an electronic data collection software, which enabled automatic data quality check.

The data of demographics, smoking status, and quality of life were collected by physicians using a standardized questionnaire through the interview at baseline. LVEF was measured according to the standard echocardiogram protocol by trained local physicians. The data of clinical characteristics, medical history, examination results, and discharge medication were centrally abstracted from the medical charts of the index hospitalization. We only used the data of medication or therapy applied in >1% of patients, while the medications or therapy utilized in ≤1% of patients (including angiotensin receptor neprilysin inhibitor, sodium-dependent glucose transporters 2 inhibitors, implantable cardioverter defibrillator, and cardiac resynchronization therapy) were not included in the current analysis. The blood samples were taken within 48 h of admission for biomarker assays in the central laboratory.

Local investigators interviewed the enrolled patients in person at 1, 6, and 12 months after discharge. The trained staff at the national coordinating center would conduct interviews via telephone for patients who did not attend the scheduled in-person interview.



Variable Definition

Patients were classified into HF with reduced ejection fraction (HFrEF, LVEF < 40%), mildly reduced ejection fraction (HFmrEF, LVEF 40–49%), and preserved ejection fraction (HFpEF, LVEF ≥ 50%). Comorbidities, including hypertension, atrial fibrillation, coronary heart disease (CHD), myocardial infarction (MI), valvular heart disease (VHD), previous HF, stroke, chronic obstructive pulmonary disease (COPD), reduced renal function, and diabetes mellitus (DM), were defined according to medical history, discharge diagnosis, or positive laboratory results; reduced renal function was defined as estimated glomerular filtration rate (eGFR) < 60 ml/L/1.73m2; DM was defined as a history of DM or glycosylated hemoglobin A1c (HbA1c) ≥ 6.5%.



Multi-Biomarker Panel

In total, twelve conventional biomarkers reflecting nine basic pathophysiological states were evaluated: NT-proBNP, hs-cTNT, hemoglobin, albumin, creatinine, alanine aminotransferase (ALT), high-sensitivity C-reactive protein (hsCRP), HbA1c, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C). Considering the practicability in clinical practice, continuous variables of these biomarkers were transferred into dichotomous variables based on clinically meaningful cut-off values and literature reviews. Only hemoglobin and albumin were analyzed in the local laboratory while other biomarkers were analyzed in the central laboratory. The methods of central biomarker assays were shown in Supplementary Data Sheet 1. If the results of the central analysis were not available, we used the results of the local analysis. NT-proBNP ≥ 1400 ng/l indicated myocardial stretch due to volume overload; (8) hs-cTNT > 14 ng/l implicated cardiac injury; (9) hemoglobin < 120 g/l in men or < 110 g/l in women represented anemia; albumin ≤ 35 g/l reflected hypoalbuminemia; (10) creatinine > 133 μmol/l (1.5 mg/dl) represented renal dysfunction; (11) ALT > 40 U/l reflected hepatic dysfunction; (12) hsCRP > 2 mg/l indicated systemic inflammation; (9, 13) HbA1c ≥ 6.5% implicated DM; dyslipidemia was defined as TC > 5.2 mmol/l (200 mg/dl), LDL-C > 3.4 mmol/l (130 mg/dL), TG > 1.7 mmol/l (150 mg/dL), or HDL-C < 1.0 mmol/l (40 mg/dl)(14). The missing rates of these biomarkers were shown in Supplementary Table 2.



Outcome Events and Adjudication

The primary clinical outcome was cardiovascular mortality within 1-year after discharge. The other clinical outcomes included post-discharge rehospitalization for HF, all-cause mortality, and all-cause rehospitalization in 1-year. Cardiovascular mortality included death due to HF progression, stroke, CHD, VHD, arrhythmia, cardiac sudden death, other cardiovascular reasons, or presumed cardiovascular death/unknown reasons (15). The quality of life, as patient-reported outcomes, was measured by a short version of the Kansas City Cardiovascular Questionnaire (KCCQ) score within 6-month after discharge, a score ranging from 0 (worst) to 100 (best) (16, 17).

We ascertained the deaths with the same approach in a prior international clinical trial (18). Deaths were collected from death certificates, interviews of patients’ relatives, or the national database of death causes. Rehospitalizations were determined based on medical records and interviews of patients. The data of outcomes were adjudicated by clinic staff at the national coordinating center (Supplementary Data Sheet 2).



Statistical Analysis

Frequency (percent) and median (interquartile ranges, IQR) were reported for categorical and continuous variables, respectively. Pearson’s chi-square test was used to compare categorical variables and the Kruskal-Wallis test for continuous variables.

In the developing cohort, we performed an analysis of the association between cardiovascular mortality (primary clinical outcome) and the aforementioned biomarkers with a multi-variable Cox proportional hazard regression model and only included biomarkers related to cardiovascular mortality (P < 0.10) in the final multi-biomarker panel (including NT-proBNP, hs-cTnT, hemoglobin, albumin, and creatinine) (Supplementary Table 3). Candidate covariates were selected based on a review of the literature and clinical experience (including age, sex, SBP, heart rate, New York Heart Association [NYHA] class, history of hypertension, atrial fibrillation, CHD, VHD, previous HF, current smoking [yes or no], LVEF subgroups [HFrEF, HFmrEF, HFpEF or missing LVEF], discharge use of angiotensin-converting enzyme inhibitor or angiotensin receptor blockers [ACEI/ARBs], β-blockers, diuretics, and aldosterone antagonists). We also assessed the Pearson’s correlation coefficient between the included biomarkers and there was no collinearity between these biomarkers (Supplementary Table 4). The weights of biomarkers were defined according to the hazard ratio (HR) value of each biomarker in the Cox model (Supplementary Table 5).

In the overall patient population, to characterize the multi-biomarker pattern, we summed and calculated the multi-biomarker point with the weights. Each patient had a multi-biomarker point ranging from 0 to 12, and these patients were furtherly classified into four multi-biomarker groups based on the median (IQR) of multi-biomarker points in the overall patient population (Supplementary Table 6).

Survival analysis was performed in the validating cohort. We presented and compared the clinical outcomes across multi-biomarker groups using the Kaplan-Meier analysis and log-rank tests. The multi-variable Cox models were used to evaluate the relationship between the multi-biomarker group and clinical outcomes. In addition, we calculated the Harrell concordance index (C-index) for the discrimination of the predicting models comprised of multiple and individual biomarkers.

Furthermore, in the validating cohort, we developed generalized linear regression models to evaluate the relationship between the multi-biomarker group and the KCCQ score. In addition, we only included patients who had KCCQ scores both at baseline and 6-month in the analysis of life quality (Supplementary Figure 1).

We performed a subgroup analysis of the association between outcomes and multi-biomarker points among patients with HFrEF, HFmrEF, and HFpEF as well. For sensitivity, firstly, we developed competing risk models to re-evaluate the relationship between the multi-biomarker group and clinical outcomes. Secondly, to minimize the selection bias caused by the missing data of life quality at the 6-month interview, we performed inverse probability weighting (IPW) analysis to measure the probability of being observed. Thirdly, we also analyzed the relationship between outcomes and multi-biomarker points calculated using beta values.

The missing rate of patient characteristics or biomarkers ranged from 0 to 5.8% (LVEF). All missing variables were inputted with multiple imputation methods with 10 imputations. A two-sided P-value of < 0.05 was considered statistically significant, and all analyses were performed using SAS statistical software version 9.4 (9.4, SAS Institute, Cary, North Carolina) and R software version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Baseline Characteristics by Multi-Biomarker Groups

In total, 4,693 patients hospitalized for HF were included in the current analysis. The median age was 67 (IQR, 57–75) years old, and 1,763 (37.6%) were female. The median multi-biomarker point was 5 (IQR, 2–6), and the distributions of multi-biomarker points in overall, developing, and validating cohorts were shown in Figure 1 and Supplementary Figures 2, 3, respectively. In general, there were 846 (18.0%) patients in the low point group (<2), 1,382 (29.4%) in the mid-low point group (2–4), 1,305 (27.8%) in the mid-high point group (5–6), and 1,160 (24.7%) in the high point group (>6).


[image: image]

FIGURE 1. Multi-biomarker point distribution in the overall cohort.


The baseline characteristics by stratified multi-biomarker groups in the overall population were shown in Table 1. Patients with higher points were older, more likely to be male, and with higher levels of NYHA class. Hypertension, CHD, MI, previous HF, reduced renal function, and DM were more prevalent among patients with higher points. Furthermore, as for discharge medication, patients in the higher point group were less often prescribed ACEI/ARBs and β-blockers. The baseline characteristics in developing and validating cohorts were respectively presented in Supplementary Tables 7, 8.


TABLE 1. Baseline characteristics by multi-biomarker point groups in overall cohort.
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Multi-Biomarker Distribution by Left Ventricular Ejection Fraction Subgroups

A total of 1826 (38.9%) patients had HFrEF, 1144 (24.3%) had HFmrEF, and 1723 (36.7%) had HFpEF (Supplementary Table 9). Patients with HFpEF had significantly lower levels of NT-proBNP and hs-cTNT. The lowest median multi-biomarker point was in HFpEF [3 (IQR, 0-5)], followed by HFmrEF [5 (IQR, 2-7)] and HFrEF [5 (IQR, 2-7)] (P < 0.0001).



Association Between Multi-Biomarker Point and Clinical Outcomes

In the validating cohorts, 360 (15.3%) patients died for cardiovascular reasons during 1-year follow-up. In the low, mid-low, mid-high, and high point groups, the cardiovascular mortalities were 3.8, 9.4, 19.4, and 26.3% (P < 0.0001), respectively. The unadjusted cumulative event rates for cardiovascular death by multi-biomarker groups were presented in Figure 2A.
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FIGURE 2. Cumulative event rates by multi-biomarker groups (validating cohort). (A) Rates of cardiovascular death by groups. (B) Rates of rehospitalization for heart failure by groups. (C) Rates of all-cause death by groups. (D) Rates of all-cause rehospitalization by groups.


After multivariable adjustment, the cumulative risk of cardiovascular death increased in a graded fashion across multi-biomarker groups (Figure 3). With the low point group as the reference point, patients in the high point group had the highest risk of cardiovascular death (HR 5.69; 95% confidential interval [CI] 3.33, 9.70), followed by the mid-high point group (HR 3.98; 95% CI 2.34, 6.78) and mid-low point group (HR 2.17; 95% CI 1.25, 3.78). And the HR per 1-point increase was 1.14 (95% CI, 1.10, 1.18) (Supplementary Figure 4). The C-index of the model comprised of the biomarkers was 0.67 for cardiovascular death (Supplementary Table 10).


[image: image]

FIGURE 3. Multi-variable adjusted association between multi-biomarker group and 1-year clinical outcomes (validating cohort). Adjusted for age, sex, systolic blood pressure, heart rate, New York Heart Association classification, history of hypertension, atrial fibrillation, coronary heart disease, valvular heart disease, previous heart failure, current smoking [yes or no], heart failure phenotypes [HF with reduced ejection fraction (HFrEF), HF with mildly reduced ejection fraction (HfmrEF), or HF with preserved ejection fraction (HFpEF)], discharge use of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, β-blockers, diuretics, and aldosterone antagonists.


The multi-biomarker point pattern also stratified the risks of rehospitalization for HF, all-cause death, and all-cause rehospitalization during 1-year follow-up (Figures 2B–D), and patients with a higher multi-biomarker point were more prone to clinical outcomes (Figure 3 and Supplementary Figure 4). The C-indexes of the model were 0.60, 0.67, and 0.57 in predicting rehospitalization for HF, all-cause death, and all-cause rehospitalization, respectively (Supplementary Table 10).



The Association Between Multi-Biomarker Point and Quality of Life

Patients with KCCQ-12 scores at baseline and 6-month interviews were included in this analysis. The mean ± SD of KCCQ score was 44.2 ± 23.0 at baseline, then significantly improved to 73.1 ± 20.8 at 6 months. At baseline, graded differences of quality of life were observed across multi-biomarker groups. Compared with low point group, mid-low point group (−5.5, 95% CI, −8.4 to −2.7, P = 0.0001), and mid-high point group (−7.8, 95% CI, −10.8 to −4.8, P < 0.0001), high-point group (−11.6, 95% CI, −14.8 to −8.3, P < 0.0001) had the lowest KCCQ-12 score, using the multi-variable generalized linear regression models. At the 6-month follow-up interview, the disparities were reduced but still significant (Figure 4). And the trends were similar when taking the multi-biomarker point as continuous variables (Supplementary Figure 5).
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FIGURE 4. Quality of life by multi-biomarker point groups (validating cohort). KCCQ, Kansas City Cardiovascular Questionnaire; CI, confidential interval. Only including 3433 patients with KCCQ score at 6-month interview.




Subgroup Analysis and Sensitivity Analysis

The associations between outcomes and multi-biomarker points were similar in patients with HFrEF, HFmrEF, or HFpEF (Supplementary Figures 6–9). In the sensitivity analysis, the relationship between multi-biomarker point and clinical outcomes was stable when using a competing risk model (Supplementary Figure 10), and the relationship between the quality of life and multi-biomarker point was similar in IPW analysis (Supplementary Figure 11). Furthermore, the results were still consistent when using β values to define the biomarker weights (Supplementary Tables 11, 12 and Supplementary Figures 12, 13).




DISCUSSION

In this large nationwide prospective cohort of patients hospitalized for HF, we have several important findings. Firstly, we revealed that systemic impairment reflected by abnormal values of conventional biomarkers was common. Secondly, patients with more biomarkers of abnormal value had a higher risk of clinical outcomes. Thirdly, the abnormal biomarker values were also associated with quality of life. Our analysis provided a new insight to depict the overall pattern of conventional biomarkers and the basic pathophysiological condition of patients, and quantitatively presented the cumulative effects of abnormal biomarkers both on clinical outcomes and quality of life (Figure 5).
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FIGURE 5. Central illustration. Patients were classified into low, mid-low, mid-high, and high point groups by baseline biomarkers. Increasing multi-biomarker points were associated with excess risk of cardiovascular mortality and worse quality of life.


Abnormal conventional biomarkers were common in patients hospitalized for HF, and our multi-biomarker point panel could reflect the overall burden of multiple basic pathophysiological states. To our knowledge, there has been no prior large study reporting the overall burden of abnormal conventional biomarkers with a weighted panel among patients hospitalized for HF. Most previous studies examined the distribution of individual biomarkers; for instance, the proportions of elevated NT-proBNP, hs-cTNT, and hsCRP were over two thirds (19), the rates of renal dysfunction were 40–50% (20), and the prevalence of DM, anemia, and dyslipidemia were 20, 26, and 50% (21), respectively. Several studies explored the prognostic values of various score systems in patients with acute HF: sequential organ function assessment score (SOFA) and ACUTE HF scores combined clinical, biomedical, and echocardiographic indexes to predict short- or long-term outcomes (22, 23); Norton score system, a tool to assess frailty had been studied in risk stratification (24); and albumin-bilirubin (ALBI) score reflecting liver function was also been discovered to associate with 1-year mortality (25). Unlike aforementioned score systems, our multi-biomarker point panel tried to integrate the information of multiple basic pathophysiological statuses and therefore reflected a patient’s overall basic condition and systemic impairment. Moreover, patients with HFrEF were more often to have higher multi-biomarker points than those with HFmrEF or HFpEF. The different multi-biomarker points across LVEF subgroups were mainly attributed to NT-proBNP and hs-cTNT (Supplementary Table 9). The lower levels of these two biomarkers indicated that patients with HFpEF were less likely to have myocardial stretch and cardiac injury, which is consistent with prior studies (26–28).

The multi-biomarker point is associated with long-term clinical outcomes. Patients with higher points at baseline were more vulnerable to death or rehospitalization after discharge. Unlike prior studies just focusing on the individual biomarker in isolation, such as NT-proBNP and hs-cTNT (3, 29, 30), our analysis quantitatively evaluated the composite relationship between clinical outcomes and multiple conventional biomarkers. The risk differences across patient groups might reflect that various pathophysiological states have cumulative adverse associations with long-term prognosis (17). From the perspectives of clinical practice and pathophysiology, our analysis included the most commonly used biomarkers which could present the overall basic condition of patients and have a significant relationship with mortality. The insights from our comprehensive multi-biomarker panel suggest that clinicians pay more attention to patients with higher points who are more prone to clinical outcomes and deliver personalized care to these patients rationally. Moreover, the predicting ability of the model comprised of the biomarkers is acceptable as well. Furthermore, the biomarker parameters are easy to obtain and calculate, which makes the point panel feasible in daily clinical practice.

To the best of our knowledge, our analysis was the first study focusing on the cumulative association with quality of life attributed to conventional multi-biomarkers among patients hospitalized for HF. The KCCQ score is an extensively validated scale in measuring the HF-specific quality of life (16, 31, 32). The increase of KCCQ score from the admission of index hospitalization to 6-month interview reflects the improvement of quality of life, which could be explained by the recovery from acute HF episode to a stable condition (33). Furthermore, we also found that patients with higher multi-biomarker points had worse quality of life both at admission and 6-month after discharge than those with lower points. This is reasonable because a higher point indicates a complex pathophysiological condition, which is usually accompanied by certain factors related to worse quality of life, such as comorbidities, therapeutic complexity, and financial burden (34). With our quantitative analysis of abnormal biomarker values, our multi-biomarker point could be considered as a novel, simple, and fast method to identify patients vulnerable to worse life quality in daily clinical practice.

Our multi-biomarker allowed physicians to quantitively evaluate the systemic impairment of various basic pathophysiological burdens, and it was a good predictor of post-discharge outcome among patients hospitalized for HF. It would be useful for physicians to focus on patients with higher points, tailor targeted therapy for specific pathophysiological disorders, and follow up the patients closer and more intensively.

This study has some limitations. First, because we aimed to present the overall pattern of these biomarkers and how the pattern relates to prognosis in a simple approach, we did not assess the severity of the pathophysiological state and its relationship with long-term prognosis. Our multi-biomarker points could only reflect the basic pathophysiological condition but not the severity of pathophysiological status for patients in HF episodes. Secondly, 14% of the surviving patients lacked the data of KCCQ scores at the 6-month interview. To minimize the potential bias, we performed an IPW analysis and obtained similar results. Thirdly, we only performed internal validation in our patient population; however, external validation would be necessary to further explore the reliability of the multi-biomarker point if another patient population is available. Finally, all enrolled patients were Chinese, and the generalizability of the conclusion to other populations should be with caution.



CONCLUSION

Using this multi-biomarker point panel, we quantitatively described the overall pattern of basic pathophysiological burden reflected by abnormal biomarker values. The abnormal biomarkers had cumulative adverse associations with post-discharge clinical outcomes and quality of life. Our multi-biomarker point panel provided physicians with a simple and fast tool to assess systemic impairment and identify high-risk patients.
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