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Abstract. The present study was designed to investigate 
the value of the hemoconcentration (HCT) in predicting the 
prognosis of patients with acute heart failure (AHF). A total of 
188 patients with AHF were enrolled in the present retrospec-
tive study and divided into four groups based on their HCT 
values. The endpoint was either cardiac-associated death or 
re-hospitalization due to aggravated HF. The 2-year survival 
rates of patients in these four groups were compared. The area 
under the receiver operating characteristic curve (AUC) was 
determined to evaluate the significance of HCT for assessing 
the prognosis of patients with AHF. Cox-proportional hazards 
regression models were performed to determine whether the 
HCT is an independent factor for predicting the prognosis 
of patients with AHF in comparison with other traditional 
predictors, including B-type natriuretic peptide (BNP) and 
creatinine. Of these 188 patients with AHF, 99 experienced 
aggravated cardiac HF resulting in death or re-hospitalization 
within 2 years. The AUC for HCT, as a prognostic criterion, was 
0.610 (95% confidence interval: 0.528‑0.691, P<0.001) with a 
sensitivity of 54.5% and a specificity of 65.2%. Kaplan‑Meier 
analysis indicated that patients with a higher HCT had a lower 
rate of death or re-hospitalization due to cardiogenic events 
(χ2=9.442, P=0.024). Cox regression analysis revealed that 
HCT, hemoglobin, BNP, New York Heart Association cardiac 
function classification and serum creatinine were independent 
prognostic factors in AHF. HCT may serve as a valuable 
predictor of prognosis in patients with AHF. Compared with 

that of BNP, measurement of the HCT is more convenient and 
economical and may be widely performed at primary hospitals.

Introduction

Heart failure (HF) may be chronic, i.e., develop over a long 
duration, or acute, i.e., with a rapid onset of clinical manifesta-
tions (1). While chronic HF (CHF) is usually the end stage of 
a variety of cardiovascular diseases, acute HF (AHF) may be 
caused by numerous factors that exacerbate CHF in a short 
period or result in a sudden heart attack (2). AHF, which most 
commonly involves acute left ventricular failure, is poten-
tially life-threatening and requires immediate in-hospital 
treatment. Even so, the in-hospital mortality rate and read-
mission rate after discharge are relatively high (3). Several 
cardiac functional indexes, including left ventricular size and 
ejection fraction (EF), and certain cardiac functional classi-
fication methods, including the New York Heart Association 
(NYHA) classification, have been used to assess the severity 
and outcomes of AHF, but each of them has certain limita-
tions (4,5). Furthermore, several biomarkers, including serum 
B-type natriuretic peptide (BNP) and creatinine, have been 
identified and widely used to assess the severity of AHF and 
predict the prognosis of patients with AHF (6). However, the 
circulating levels of BNP may be affected by certain other 
diseases, including valvular heart disease (7), while the serum 
creatinine concentration is more associated with kidney 
dysfunction (6). Thus, it remains imperative to identify novel 
biomarkers for AHF that are reliable and specific.

Recently, the hemoconcentration (HCT), an index 
reflecting a rapid increase in the concentration of red blood 
cells in the blood, has received attention from clinicians. 
An elevated HCT has been reported to be associated with 
more severe damage to the brain in patients with hemolytic 
uremic syndrome (8). Correlations between HCT and heart 
diseases have been explored, but conflicting results have 
been reported. For instance, HCT was indicated to be closely 
associated with a more extensive weight loss and elevated 
risk of exacerbated kidney function in patients with AHF 
during hospitalization (9), whereas the data from the Korean 
Heart Failure Registry suggested that increased HCT may be 
beneficial for patients with AHF without hyponatremia (10). 
However, the ANCHOR study indicated that either high or 
low HCT predicted worse outcomes in HF patients, including 
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death and re-hospitalization (11). The PRAISE study indicated 
that anemia, in which the HCT is decreased, is an indepen-
dent risk factor for patients with severe HF (12). Hence, the 
effectiveness of HCT to predict the prognosis of AHF patients 
remains elusive.

In the present study, the associations of different levels 
of HCT with the outcome of AHF were investigated, and the 
prognostic value of HCT for patients with AHF was examined 
and compared with that of other well-recognized traditional 
biomarkers for AHF, including BNP and serum creatinine. 
The aim of the present study was to clarify whether HCT 
may serve as a prognostic biomarker in patients with AHF. 
The results suggest that HCT may be applied as a valuable 
prognostic factor for patients with AHF.

Materials and methods

Ethics statement. The protocol of the present study was 
approved by the Ethics Committee of the Affiliated Hospital of 
Hangzhou Normal University (Hangzhou, China). All patients 
who participated in the study were informed of the purpose of 
the study and provided written informed consent.

Patient selection. 523 consecutive patients diagnosed with any 
AHF at the Department of Critical Care Medicine, Affiliated 
Hospital of Hangzhou Normal University (Hangzhou, China) 
between June 2013 and June 2015 were selected for the present 
retrospective study. All cases met the diagnostic criteria for 
AHF based on the Guidelines for the Diagnosis and Treatment 
of Acute Heart Failure of the American Heart Association 
from 2010 (13). Patients fulfilling all of the following criteria 
were included in the present study: i) Diagnosis of AHF estab-
lished based on medical history, associated cause(s), clinical 
manifestations and echocardiographic findings; ii) NYHA 
classification grade III to IV; iii) systolic/diastolic blood pres-
sure of ≥90/60 mmHg (1 mmHg = 133 Pa); and iv) age between 
45 and 85 years. Patients with one of the following were 
excluded from the present study: i) Severe valvular stenosis, 
constrictive pericarditis, restrictive or hypertrophic cardiomy-
opathy; ii) severe pulmonary hypertension, severe ventricular 
arrhythmia, cardiogenic shock or insufficient blood volume; 
iii) severe hypotension, malignant tumors, trauma or infection; 
or iv) severe liver or kidney dysfunction. After application of 
the inclusion and exclusion criteria, a total of 188 patients 
were finally included during the 2‑year follow‑up period of the 
present study.

Data collection. The demographic and baseline clinical char-
acteristics of all patients were collected from the electronic 
medical record system of the hospital that had been entered for 
each patient on admission, including age, gender, body mass 
index (BMI), current diseases, comorbidities, past medical 
history, medication status and cardiac function according to 
the NYHA cardiac function classification.

End‑points. The end-point event of the present study was either 
cardiac-associated death or re-hospitalization due to AHF. All 
patients were followed up for 2 years or until the end-point 
occurred. According to the serum HCT values on admission, 
the patients were divided into four groups as follows: ≥40% 

group, 36‑39% group, 30‑35% group and <30% group. The 
incidence of end-point events during the 2-year follow-up 
period was compared among these four groups.

Blood tests. Blood samples were collected from each patient 
on admission and the HCT, as well as the levels of BNP, hemo-
globin, creatinine, uric acid, low-density lipoprotein (LDL) 
and total cholesterol (TC) were measured.

Echocardiography. Echocardiography was performed using 
an EPIQ 7 ultrasound machine (Philips) for all participants and 
cardiac function indexes, including left ventricular EF (LVEF), 
left ventricular mass index (LVMI) and left ventricular end 
diastolic diameter (LVEDD) were determined.

Statistical analysis. All statistical analyses were performed 
by SPSS 19.0 software (IBM, Corp.). Continuous variables, 
which are normally distributed, were expressed as the mean 
and standard deviation, comparisons of these data between 
groups were performed by a student's t-test. In addition, 
median and interquartile ranges were analyzed when the 
variables were non-normally distributed, such as in the case 
of BNP. Correlations between the two sets were performed 
using Spearman's correlation analysis. Categorical variables 
were expressed as count and percentage, and were analyzed by 
the chi‑square test. Kaplan‑Meier analysis was used to evaluate 
survival curve, which were compared using a log-rank test. 
Cox proportional hazard models were used to determine the 
risk factors influencing the prognosis, including cardiac‑asso-
ciated death or re-hospitalization due to AHF. The area under 
the receiver operating characteristic (ROC) curve (AUC) was 
assessed to determine the ability of factors to predict the 
prognosis of AHF patients. P<0.05 was considered to indicate 
statistical significance.

Results

Demographic and basic clinical characteristics. A total of 
188 patients [mean age, 54.8 (±11.3) years; 110 males and 
78 females] were enrolled in the present study during the 
2-year follow-up period. Of these, 99 patients experienced 
either cardiac-associated death or re-hospitalized due to AHF 
within the study period, corresponding to a rate of 52.7%. The 
average time from first hospitalization to the occurrence of the 
end-point event was 10.5 months.

Comparison of clinical data among patients in different HCT 
groups. The 188 patients were divided into four groups based 
on the HCT values: The ≥40% group (n=51), 36‑39% group 
(n=46), 30‑35% group (n=56) and the <30% group (n=35). 
The clinical data were compared among these different HCT 
groups. As presented in Table I, there were significant differ-
ences among these groups in the BNP level, hemoglobin level, 
creatinine concentration, NYHA grade, and 1-year and 2-year 
survival rates (P<0.05), but no differences were present with 
regard to age, gender, comorbidities and BMI. However, there 
were no significant differences in the proportion of patients 
treated with angiotensin-converting enzyme inhibitor vs. 
angiotensin receptor blocker, or in the serum lipid levels, uric 
acid concentration, LVEF, LVMI or LVEDD among these 
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groups (P>0.05; Table I). In addition, Spearman correlation 
analysis suggested that HCT was negatively correlated with 
Log BNP (r=‑0.629, P=0.024; Fig. 1).

Comparison of cardiac event‑free rates among different HCT 
groups. Kaplan‑Meier analysis was performed to compare 
the cumulative survival rates of patients among the four HCT 
groups. The log-rank test result was χ2=9.442 with P=0.024 
and the cumulative survival rate was significantly higher in 
the higher HCT groups than in the lower HCT group (Fig. 2).

Predictive value of HCT regarding cardiac event‑free of 
patients. A ROC curve analysis was performed to evaluate 
the predictive value of the HCT regarding the survival 
outcome for patients with AHF. As presented in Fig. 3, the 
ROC curve analysis indicated that serum HCT values were 
predictive of survival of patients with AHF, with an AUC of 
0.610 [95% confidence interval (CI): 0.528‑0.691, P<0.001], at 
cutoff point of HCT is 35.45%, the sensitivity and specificity 
were 54.5 and 65.2%, respectively (Fig. 3).

Determination of the association between HCT and recur‑
rent cardiac events or re‑hospitalization due to AHF. Cox 
proportion hazards regression analysis was performed to 
determine the influence of various factors, including the HCT, 
BNP, serum creatinine and NYHA classification, on the recur-
rent cardiac or re-hospitalization due to AHF. Demographic 
variables including age, sex and BMI, and clinical variables 

including HCT, ACEI/ARB, hemoglobin, BNP, serum creati-
nine, uric acid, LDL, TC, NYHA classification, and diabetes 
were analyzed using the Cox proportional hazards model. 
The results revealed that HCT, sex, ACEI/ARB, hemoglobin, 

Figure 1. Correlation between HCT (%) and Log BNP in patients with acute 
heart failure.

Table I. Comparison of clinical data of patients of different HCT groups.

 HCT (%)
 -------------------------------------------------------------------------------------------------------------------------------------------------------------------
Item ≥40 (n=51) 36‑39 (n=46) 30‑35 (n=56) <30 (n=35) P‑value

Age (years) 56.8±9.3   55.4±10.2  53.6±11.7   53.4±14.2 0.893
Sex (male/female) 26/25 28/18 35/21 21/14 0.638
Diabetes (yes/no) 11/40 10/36 10/46 6/29 0.919
ACEI/ARB (yes/no) 17/34 14/32 18/38 12/23 0.984
BMI (kg/m2) 22.9±5.4 22.3±3.8 23.1±4.1 23.7±3.5 0.934
Hemoglobin (g/l) 121.8±12.5 116.8±13.4 110.8±12.4 104.8±16.9 0.032
BNP (pg/ml)  2,470 (1,249-4,535) 2,684 (1,361-4,883) 3,125 (1,530-5,187) 3,470 (1,919-6,735) 0.015
Creatinine (µmol/l)  105.4±24.5 113.8±21.6 118.6±30.2 123.9±35.7 0.026
Uric acid (µmol/l) 324.5±56.9 346.2±67.5 339.4±44.5 347.1±58.2 0.763
LDL (mmol/l)   3.25±0.47   3.41±0.75   3.47±0.83   3.38±0.91 0.682
TC (mmol/l)   5.37±1.27   5.61±1.62   5.17±0.54   5.38±1.31 0.863
NYHA classification (II/III/IV)  32/14/5 23/15/8 30/17/9 8/16/11 <0.001
EF (%) 39.3±7.2   35.6±10.1 32.4±8.4   29.9±10.6 0.641
LVMI (mm) 151.7±18.2 153.6±23.4 154.3±19.9 153.7±20.5 0.932
LVEDD (mm) 65.1±9.4   65.2±11.3 66.2±9.2   67.0±11.9 0.857
1-year survival rate (%) 74.5 71.7 66.0 45.7 0.033
2-year survival rate (%) 60.8 52.2 41.1 28.6 0.036

Unless otherwise specified, values are expressed as the mean ± standard deviation, n or median (interquartile range). HCT, hemoconcentration; 
LDL, low‑density lipoprotein; TC, total cholesterol; EF, ejection fraction; LVMI, left ventricular mass index; LVEDD, left ventricular end 
diastolic diameter; BMI, body mass index; BNP, B‑type natriuretic peptide; ACEI, angiotensin‑converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; NYHA, New York Heart Association. 
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log of BNP, serum creatinine and NUHA classification were 
significantly associated with recurrent cardiac events (Table II; 
Model 1). Males [hazard ratio (HR), 0.08; P<0.001; reference, 
female], with ACEI/ARB (HR, 0.01; P<0.001; reference, 
without ACEI/ARB), higher HCT (HR, 0.96; P=0.019), higher 
hemoglobin (HR, 0.98; P=0.009), lower BNP (log BNP's HR, 
2.38; P<0.001), lower serum creatinine (HR, 1.01; P=0.003) 
and lower classes of NYHA [HR (class III), 26.82; P<0.001; 
HR (class IV), 98.10; P<0.001; reference, class II] had a lower 
risk of cardiac event recurrence (Table II; Model 1).

After adjustment for sex, ACEI/ARB, hemoglobin, Log 
of BNP, serum creatinine, uric acid, LDL, TC, NYHA clas-
sification and diabetes, it revealed that a higher HCT value 
was associated with a lower risk of recurrent cardiac events 
(HR, 0.48; P=0.098; Table II; Model 2).

Discussion

Prior research has indicated that HCT is closely linked to the 
health status of patients with CHF. For instance, a previous 
study reported a significant correlation between increased 
levels of HCT and a better quality of life in patients with 
AHF (14), and other studies suggested that a decreased HCT 
and impaired kidney function are risk factors for mortality 
in patients with CHF (11). However, the association of HCT 
with the short-term outcomes of acute decompensated HF has 
remained largely elusive. In the present study, the association of 

HCT with the outcomes of AHF patients, i.e., cardiogenic death 
or re-hospitalization, were examined, and a higher HCT was 
indicated to be linked to a reduced risk of cardiac-associated 
events in patients with AHF. The present results also suggest 
that, similar to BNP and serum creatinine, HCT may serve as 
an independent prognostic factor for patients with AHF.

HF is a common condition and a leading cause of hospital-
ization worldwide (15). Compared with CHF, AHF is associated 
with higher cardiogenic mortality, a higher re-hospitalization 
rate and more cardiovascular events due to the rapid decrease 
in myocardial contractility and increase in cardiac load, 
resulting in a sudden drop in acute cardiac output, increased 
pulmonary circulation pressure and elevated peripheral 
circulation resistance (16). Due to weakened left ventricular 
systolic function accompanied by a decreased glomerular 
filtration rate and increased reabsorption of water and sodium 
by renal tubules, the blood volume is frequently increased, 
subsequently resulting in sodium retention and dilute anemia, 
as well as decreased hemoglobin and HCT (17). Thus, HCT 
is an indicator reflecting the severity of anemia and sodium 
retention, which are linked to kidney dysfunction and affect 
the prognosis of patients with HF (18). HCT has therefore been 
considered as another predictor of the prognosis of patients 
with AHF. Indeed, the results of the present study support this 
notion: i) In patients with decompensated AHF, a higher HCT 
value on admission was significantly associated with a higher 
survival rate during the 2-year follow-up period compared 
with a lower HCT value, ii) ROC curve analysis indicated that 
the sensitivity and specificity of HCT for predicting cardiac 
events were 83.3 and 63.7%, respectively, and iii) multivariate 
Cox analysis suggested that the HCT value on admission is 
an independent predictor of mortality of AHF patients. These 
observations were consistent with those of a previous study 
indicating that HCT is a predictor of short-term prognosis in 
AHF patients after adjustment for risk factors for traditional 
cardiogenic events (19). Thus, it may be concluded that patients 
with AHF with a higher HCT have a lower risk of any recur-
rence, which are in turn linked to cardiac-associated death 
and re-hospitalization, and this association is independent 
of traditional risk factors, including Log BNP, NYHA clas-
sification and serum creatinine. While the exact mechanisms 
underlying the association between HCT and the prognosis of 
patients with AHF remain elusive, multiple factors are likely 
to be implicated. For instance, the association between HCT 
and kidney function may be involved (20).

Of note, conflicting results were reported regarding the 
association between HCT and the outcomes for patients with 
HF. For instance, the ANCHOR study suggested that HCT, 
either high or low, was predictive of unfavorable outcomes in 
patients with HF (11), but a Korean study supported a beneficial 
role of HCT in non-hyponatremic patients with AHF (10). In 
addition, the PRAISE study revealed an association between a 
decreased HCT and the severity of HF (12). The exact reasons 
for these discrepancies remain elusive, but they may, at least 
partially, be attributed to the fact that the patients selected in 
those studies had different comorbidities. The results of the 
present study support an association between high HCT and 
favorable outcomes in AHF patients.

BNP and serum creatinine are well-recognized prognostic 
biomarkers for patients with HF. Regarding the production of 

Figure 3. Determination of the association between hemoconcentration and 
outcomes in patients with acute heart failure. AUC, area under the receiver 
operating characteristics curve. Cutoff point, 35.45% of hemoconcentration.

Figure 2. Comparison of survival rates among patients in different HCT 
groups. HCT, hemoconcentration.
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BNP, a precursor, NT-pro-BNP, is synthesized and secreted 
mainly by the ventricular myocytes, and it exhibits a variety 
of biological activities, including diuresis, suppression of 
Na+ transport, dilation of blood vessels and inhibition of the 
renin-angiotensin-aldosterone system (21). In a number of 
heart diseases, including acute myocardial infarction, congen-
ital heart disease and heart failure, an elevated concentration 
of BNP in the blood stream has been observed (22-24). A 
meta-analysis of 40 prospective studies revealed that elevated 
circulating levels of BNP were closely associated with an 
increased risk of cardiovascular disease (25), and another study 
suggested that BNP, but not left ventricular cardiac function, 
held a strong prognostic value regarding outcomes for patients 
with HF (26). Consistent with the above results, the present 
study indicated that BNP was an independent risk factor for 
poor outcome in patients with AHF. It was also revealed 
that HCT, as another independent prognostic factor in AHF 
patients, exhibited a significant negative correlation with the 
Log BNP. Collectively, these observations suggest that BNP 
and HCT may serve as prognostic predictors for outcomes in 
patients with HF. However, compared with the measurement of 
BNP, the detection of HCT is more convenient, cost‑efficient 
and technologically reliable. At present, HCT is one of the 
widely used clinical indicators in a number of diseases. Hence, 

determination of HCT in patients with AHF should be more 
acceptable for patients and their families and may be widely 
performed at primary hospitals. Serum creatinine is linked to 
the glomerular filtration rate and mainly reflects the kidney 
function, and high levels of serum creatinine may indicate 
the severity of HF (27). In the present study, all three factors, 
BNP, serum creatinine and HCT, were determined to be inde-
pendent predictors of the prognosis of patients with AHF. It 
has been reported that BNP and serum creatinine are valuable 
factors for risk stratification of patients with HF (28‑30). In the 
future, it may be worthwhile to explore whether inclusion of 
BNP, serum creatinine and HCT into risk assessment models 
together with other traditional cardiovascular risk factors 
increases the accuracy of disease discrimination.

The limitations of the present study should be pointed out. 
First, the study cohort was small and due to the retrospec-
tive nature of the study, it was not possible to determine any 
cause-effect associations. Large-cohort multi-center prospec-
tive studies are required in order to corroborate the present 
results and conclusions. Furthermore, the follow-up time was 
2 years, which was relatively short, and it has been well docu-
mented that the incidence of cardiac events in patients with 
AHF increases significantly over time. Therefore, dynamic 
changes in HCT and their correlation with the long-term 

Table II. Analysis of the factors affecting the recurrent cardiac events of patients with acute heart failure.

 Model 1a Model 2b

 ------------------------------------------------------------------------- ---------------------------------------------------------------------------
Variable Crude HR (95% CI) P‑value Adjusted HR (95% CI) P‑value

Age 0.99 (0.98-1.01) 0.549 - -
Sex    
  Male vs. female 0.08 (0.05‑014) <0.001 0.35 (0.18‑0.67) 0.002
ACEI/ARB    
  Yes vs. no 0.01 (0.001‑0.08) <0.001 0.54 (0.01‑0.43) 0.006
BMI (kg/m2) 0.97 (0.92-1.02) 0.266 - -
HCT (%) 0.96 (0.93-0.99) 0.019 0.48 (0.20-1.14) 0.098
Hemoglobin (g/l) 0.98 (0.97-0.99) 0.009 1.02 (0.92-1.12) 0.737
Log BNP (pg/ml) 2.38 (1.50‑3.77) <0.001   0.17 (0.006‑4.93) 0.302
Serum creatinine (µmol/l) 1.01 (1.00-1.02) 0.003 0.90 (0.94-1.04) 0.685
Uric acid (µmol/l) 1.00 (0.99-1.00) 0.845 1.00 (0.99-1.01) 0.07
LDL (mmol/l) 0.85 (0.65-1.11) 0.239 0.83 (0.60-1.13) 0.238
TC (mumol/l) 1.03 (0.88-1.21) 0.697 0.92 (0.76-1.12) 0.422
NYHA classification (II/III/IV)    
  II vs. III 26.82 (12.45‑57.78) <0.001 0.01 (0.00‑9.29) 0.191
  III vs. IV 98.10 (42.85‑224.59) <0.001   0.02 (0.00‑23.39) 0.284
Diabetes    
  No vs. yes 0.00 (0.00-infc) 0.994 0.00 (0.00-infc) 0.996
LVMI (g/m2) 1.00 (0.99-1.01) 0.659 - -
LVEDD (mm) 1.00 (0.98‑1.02) 0.823 ‑ ‑

aUnivariate and bmultivariate analysis were performed. cModel is not converged. HZ, hazard ratio; CI, confidence interval; ACEI, angio-
tensin‑converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, B‑type natriuretic peptide; HCT, 
hemoconcentration; LDL, low‑density lipoprotein; TC, total cholesterol; NYHA, New York Heart Association; LVMI, left ventricular mass 
index; LVEDD, left ventricular end diastolic diameter.
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outcomes for patients with AHF warrant further exploration 
in the future. In addition, the present study focused on the 
association of HCT with acute heart failure, and thus, troponin 
levels and HCT were not compared in the present study. 
However, troponin levels will be included in future studies by 
our group and there are plans to expand the present study to 
further corroborate the major findings from the present results.

In conclusion, patients with AHF with a low HCT have 
a higher risk of recurrent cardiac events and the HCT is an 
effective predictor of outcomes for patients with AHF.
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