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Abstract
The C-reactive protein (CRP) levels obtained at hospital admission are associated with the prognosis of several cardiovascular 
diseases, including acute coronary syndrome. Although the admission CRP level is associated with in-hospital mortality in 
patients with acute decompensated heart failure (ADHF), there are limited data on the association between the admission 
CRP level and long-term mortality in patients with ADHF. This study included consecutive ADHF patients admitted to our 
institution from 2007 to 2011. Eligible patients were divided into four groups based on quartiles of admission CRP levels. 
The association between the admission CRP level and long-term mortality was assessed by multivariable Cox proportional 
analysis, including other independent variables with p values < 0.1 in the univariable analyses. Overall, 527 eligible patients 
were examined. There were 142 deaths (27%) during a median follow-up period of 2.0 years. In the multivariable analysis, 
the hazard ratio (HR) significantly increased with admission CRP levels in a dose-dependent manner for mortality (p for 
trend = 0.034). Multivariable analysis also showed a significant association between the admission CRP level, when treated 
as a natural logarithm-transformed continuous variable, and increased mortality (HR 1.16, p = 0.030). In patients with ADHF, 
the admission CRP level was associated with an increased risk of long-term mortality.
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Introduction

Heart failure (HF) remains one of the leading causes with 
increasing cardiovascular mortality despite the development 
of effective treatments [1]. When considering the long-term 
clinical course of HF patients, worsening episodes, which 
usually manifest as acute decompensated HF (ADHF), can 

be key issues. These episodes can lead to the progression of 
HF itself [2], possibly through alterations in cardiovascular 
physiology and systemic or cardiac biomarkers [3]. Thus, in 
patients with ADHF, it is important to identify factors that 
show alterations in the acute phase which are associated with 
an increased long-term mortality, and more importantly, 
which are modifiable [4]. One such factor may be systemic 
inflammation, which has been recognized as an important 
aggravating factor in ADHF [5–7]. The acute-phase reactant 
against systemic inflammation, C-reactive protein (CRP) [8], 
is widely measured in daily clinical practice and routinely in 
almost all ADHF patients. Many studies suggest that CRP 
levels in patients with chronic HF have a prognostic value 
[9–13]. However, the prognostic value of CRP levels in 
patients with ADHF has not been fully elucidated. In par-
ticular, limited data are available regarding the association 
between CRP levels at hospital admission for ADHF and the 
long-term mortality risks. In the present study, we aimed to 
investigate the prognostic value of admission CRP levels on 
the long-term mortality of patients with ADHF.
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Materials and methods

Subjects

Patients who were admitted to the cardiac intensive care 
unit in the Juntendo University Hospital (Tokyo, Japan) with 
a diagnosis of ADHF between January 2007 and Decem-
ber 2011 were considered for the present study. ADHF was 
defined based on the modified Framingham criteria [14]. 
Patients who had acute coronary syndrome and/or had 
undergone cardiac surgery during the previous 4 weeks or 
during initial hospitalization, and those with life-threatening 
malignancies, were excluded. In addition, patients who died 
during their initial hospitalization, and those without docu-
mented admission CRP levels, were excluded.

The Institutional Review Board of the Juntendo Univer-
sity Hospital approved the study protocol, and the study 
complied with the Declaration of Helsinki. Informed consent 
was obtained from all patients.

Data collection

Baseline data were prospectively collected at the time of the 
initial hospital admission. Medical histories were obtained 
from the patients’ clinical chart reviews. In the present study, 
a current smoker was defined as one who smoked at the time 
of admission or had quit smoking less than 1 year prior to 
admission. The estimated glomerular filtration rate (eGFR) 
was calculated from baseline serum creatinine levels using 
the Modification of Diet in Renal Disease equation with a 
Japanese coefficient [15]. The mean blood pressure (BP) was 
calculated using the following formula: mean BP = diastolic 
BP + 1/3 × (systolic BP − diastolic BP). A complete 2-dimen-
sional echocardiography was performed on each patient. The 
left ventricular ejection fraction (LVEF) was calculated 
according to the modified Simpson method. Given that there 
is no established cutoff value on which to define the admis-
sion CRP level in ADHF patients, all eligible patients were 
classified based on quintiles of the CRP value.

All patients were followed up from the date of index 
admission until June 2012; outcome data were obtained dur-
ing a clinical visit or by reviewing the medical records for all 
recorded deaths. The endpoint of interest was the incidence 
of all-cause mortalities. An independent investigator who 
had no role in the patients’ follow-up and treatment obtained 
information regarding the outcomes.

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation (SD) or median (interquartile range). Categorical 

data were tabulated as frequencies and ratios (%). The natu-
ral logarithm-transformed values were used for the statisti-
cal analyses of CRP and plasma B-type natriuretic peptide 
(BNP) levels as the original values were skewed. The base-
line characteristics across the three groups were compared 
using the Cochrane–Armitage test for categorical variables, 
the analysis of covariance for continuous variables, and the 
Kruskal–Wallis test for the New York Heart Association 
(NYHA) functional class.

Cumulative survival curves were plotted using 
Kaplan–Meier methods and the differences in CRP levels 
across quartiles were determined using log-rank tests. p 
values of the log-rank trend test were also estimated. Cox 
proportional hazard models were used to compute the haz-
ard ratios (HR) and 95% confidence intervals (CI) for each 
CRP level quartile, using the lowest quartile as the refer-
ence group. The HR trend tests by the CRP quartiles were 
conducted by assigning an ordinal value to each quartile in 
separate models. The assumption of proportional hazards 
was assessed using a log-minus-log survival graph. A uni-
variable Cox proportional hazard analysis was performed 
by considering the following as independent variables: age, 
sex, body mass index (BMI), current smoker, history of 
ADHF, ischemic heart disease, atrial fibrillation (AF), diabe-
tes mellitus, chronic pulmonary disease, NYHA functional 
class, mean BP, heart rate, LVEF, hemoglobin level, eGFR, 
sodium and potassium serum levels, natural logarithm-trans-
formed BNP levels, and medication use before admission, 
in addition to CRP quartiles. Variables with p values < 0.10 
in the univariable analysis were included in a multivariable 
Cox proportional hazard regression analysis. To determine 
whether the results differed with the cutoff points, we per-
formed secondary analyses in which CRP levels were treated 
as a natural logarithm-transformed continuous variable. A p 
value of < 0.05 was considered statistically significant. All 
analyses were performed using SPSS version 23 (SPSS Inc., 
Chicago, IL, USA).

Results

Baseline characteristics

Overall, 751 ADHF patients were admitted to our institu-
tion between 2007 and 2011. Among them, 160 patients 
with concomitant acute coronary syndrome and/or those 
who had undergone cardiac surgery during the previ-
ous 4 weeks, or during initial hospitalization, as well as 
those who had life-threatening malignancies, were ini-
tially excluded. A further 52 patients who died during 
the initial hospitalization and 12 patients without a serum 
CRP value on admission were also excluded. Finally, 527 
patients were targeted and divided into four groups based 



1963Heart and Vessels (2019) 34:1961–1968	

1 3

on their CRP level quartiles: Quartile 1 (Q1), < 0.3 mg/
dL; Quartile 2 (Q2), ≥ 0.3 mg/dL and < 1.0 mg/dL; Quar-
tile 3 (Q3), ≥ 1.0 mg/dL and < 3.9 mg/dL; and Quartile 4 
(Q4), ≥ 3.9 mg/dL.

The baseline characteristics are shown in Table  1. 
Patients with higher CRP levels were more likely to 
have diabetes mellitus, a lower diastolic or mean BP, 
and a higher heart rate than those with lower CRP levels. 
Patients with higher CRP levels had lower levels of hemo-
globin, sodium, and eGFR, but higher BNP levels than 
those with lower CRP levels. Furthermore, we found that 
patients with higher CRP levels were less likely to use 
beta blockers than those with lower CRP levels.

Outcomes

At a median follow-up of 2.0 years (interquartile range: 
3.2 years), 142 patients had died (27%) including 19 (16.7%) 
in Q1, 31 (21.1%) in Q2, 49 (36.6%) in Q3, and 43 (32.6%) 
in Q4. The cumulative survival curves significantly differed 
across CRP quartiles (overall log-rank test, p < 0.001); the 
higher the CRP levels, the worse the survival (log-rank 
trend test, p < 0.001) (Fig. 1). Although patients in Q2 had 
a 1.4-times greater risk of mortality compared with those 
in Q1, the univariate analysis did not reach statistical sig-
nificance (HR 1.40, 95% CI 0.79–2.47, p = 0.251). On the 
other hand, patients in Q3 and Q4 were at a significantly 
increased risk of mortality compared to those in Q1 (HR 
2.69, 95% CI 1.59–4.58, p < 0.001, and HR 2.62, 95% CI 

Table 1   Baseline characteristics

Data are expressed as mean ± standard deviation or median (interquartile range) for continuous variables, and numbers (%) for nominal variables
ADHF acute decompensated heart failure, ACE-Is angiotensin-converting enzyme inhibitors, ARBs angiotensin II receptor blockers, BMI body 
mass index, BNP B-type natriuretic peptide, BP blood pressure, CRP C-reactive protein, eGFR estimated glomerular filtration rate, LVEF left 
ventricular ejection fraction, NYHA New York Heart Association

CRP levels per quartile p

Q1 ( < 0.3 mg/dl)
(n = 114)

Q2 (0.3–1.0 mg/dl) 
(n = 147)

Q3 (1.0–3.9 mg/dl) 
(n = 134)

Q4 ( ≥ 3.9 mg/dl) 
(n = 132)

Age, years 69.7 ± 12.3 70.5 ± 13.6 71.0 ± 14.7 71.0 ± 14.2 0.877
Men, n (%) 69 (61) 100 (68) 81 (60) 87 (66) 0.462
BMI, kg/m2 22.6 ± 4.1 23.4 ± 4.9 23.1 ± 5.9 22.3 ± 4.7 0.307
Current smokers, n (%) 53 (46) 67 (46) 61 (46) 55 (42) 0.869
History of ADHF, n (%) 59 (52) 68 (46) 74 (55) 72 (55) 0.418
NYHA class 3 (1) 3 (1) 4 (1) 4 (1) 0.002
Ischemic heart disease, n (%) 44 (39) 50 (34) 60 (45) 58 (44) 0.222
Atrial fibrillation, n (%) 47 (41) 57 (39) 46 (34) 46 (35) 0.630
Diabetes mellitus, n (%) 38 (33) 48 (33) 47 (35) 64 (48) 0.024
Chronic pulmonary disease, n (%) 6 (5) 5 (3) 10 (7) 8 (6) 0.507
Systolic BP, mmHg 142.1 ± 31.0 139.8 ± 37.5 134.1 ± 32.5 131.4 ± 28.5 0.056
Diastolic BP, mmHg 79.0 ± 20.5 78.2 ± 22.2 73.6 ± 19.5 72.6 ± 16.9 0.035
Mean BP, mmHg 99.8 ± 21.4 98.6 ± 25.3 93.9 ± 22.2 92.2 ± 18.4 0.028
Heart rate (per min) 89.4 ± 28.1 89.6 ± 30.0 94.5 ± 29.9 98.7 ± 27.1 0.042
LVEF, % 44.7 ± 18.0 42.3 ± 17.2 43.9 ± 18.8 41.6 ± 16.5 0.484
Hemoglobin, g/dl 12.7 ± 2.9 12.6 ± 2.6 11.7 ± 2.5 11.5 ± 2.5  < 0.001
eGFR, ml/min/1.73 m2 62.1 ± 32.0 48.3 ± 22.1 47.8 ± 25.9 48.0 ± 30.0  < 0.001
Sodium, mmol/l 140.0 ± 3.6 139.4 ± 3.5 137.5 ± 4.7 136.4 ± 5.4  < 0.001
Potassium, mmol/l 4.2 ± 0.5 4.3 ± 0.7 4.3 ± 0.8 4.3 ± 0.8 0.448
CRP, mg/dl 0.1 (0.1) 0.5 (0.3) 1.9 (1.3) 9.1 (8.5)  < 0.001
BNP, pg/ml 480.5 (597.5) 613.4 (962.4) 864.3 (1205.3) 689.7 (998.9) 0.003
Medication before admission
 Beta blockers, n (%) 46 (40.4) 44 (29.9) 49 (36.6) 31 (23.5) 0.023
 ACE-Is/ARBs, n (%) 47 (41.2) 28 (19.0) 59 (44.0) 41 (31.1) 0.159
 Aldosterone blockers, n (%) 12 (10.5) 7 (10.4) 23 (17.2) 14 (10.6) 0.101
 Diuretics, n (%) 42 (36.8) 67 (45.5) 65 (48.5) 46 (34.8) 0.068
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1.53–4.50, p < 0.001, respectively). Among each serum CRP 
quartile, the HR for mortality significantly increased as the 
CRP level increased (p value for HR trend; < 0.001). In addi-
tion, the log-transformed CRP level was associated with an 
increased risk of mortality (HR 1.23, 95% CI 1.12–1.36, 
p < 0.001) suggesting that there is a dose-dependent rela-
tionship between CRP levels and long-term mortality. Other 
variables with p values < 0.1 in the univariate analyses were 
age, sex, BMI, history of ADHF, ischemic heart disease, 

AF, diabetes mellitus, NYHA functional class, mean BP, 
hemoglobin, eGFR, serum sodium and potassium, and the 
use of diuretics.

Figure 2 shows the results of multivariable regression 
analyses. In terms of long-term mortality, even in the mul-
tivariable analysis, patients in Q4 were at an increased risk 
compared to those in Q1 (HR 2.20, 95% CI 1.10–4.38, 
p = 0.026), whereas the HRs of those in Q2 and Q3 were 
attenuated and either became, or remained, insignificant. 
The other variables in this multivariate analysis are summa-
rized in Table 2. In multivariable analysis, the HR of each 
CRP quartile increased significantly as the CRP quartiles 
increased (p value for HR trend: 0.034, Fig. 2). Similarly, the 
results of multivariable analysis in which the CRP level was 
treated as a continuous variable indicated that the greater the 
CRP level, the greater the risk of all-cause mortality (HR 
1.16, 95% CI 1.01–1.32, p = 0.030, Fig. 2).

Discussion

The results of the present study provide several important 
insights into the association between CRP levels and clinical 
outcomes in patients with ADHF. First, ADHF patients in 
the highest admission CRP quartile (i.e., Q4: CRP ≥ 3.9 mg/
dL) had a significantly greater risk of long-term mortal-
ity compared with those in the lowest CRP quartile (i.e., 
Q1: < 0.3 mg/dL), even after the adjustment of confound-
ing factors. Second, in the multivariable analysis, the HR 
for mortality increased significantly as the admission CRP 
level increased (p value for HR trend: < 0.001). Third, there 
was a significant dose-dependent relationship between the 

Table 2   Variables in multivariate analysis other than CRP levels

ADHF acute decompensated heart failure, BMI body mass index, BP 
blood pressure, CI confidence interval, CRP C-reactive protein, eGFR 
estimated glomerular filtration rate, HR hazard ratio

HR 95% CI p

Lower Upper

Age 1.026 1.003 1.049 0.024
Men 0.870 0.562 1.346 0.531
BMI 0.942 0.887 1.002 0.056
History of ADHF 1.529 0.972 2.405 0.066
NYHA class 0.979 0.726 1.321 0.892
Ischemic heart disease 1.022 0.638 1.639 0.927
Atrial fibrillation 1.552 0.958 2.513 0.074
Mean BP 0.992 0.981 1.003 0.157
Diabetes mellitus 1.404 0.881 2.238 0.154
Hemoglobin 0.846 0.763 0.938 0.002
Sodium 0.966 0.916 1.019 0.210
Potassium 1.097 0.833 1.446 0.510
eGFR 1.003 0.994 1.012 0.506
Diuretics 1.909 1.205 3.024 0.006

Fig. 1   Cumulative survival 
according to CRP quartiles. 
p values for overall log-rank 
tests indicate whether there is a 
difference in the four different 
survival curves (p < 0.001). p 
values for the log-rank trend test 
indicate whether increased lev-
els of CRP are associated with 
increased cumulative mortality 
(p < 0.001). CRP C-reactive 
protein
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admission CRP level as a continuous variable and the risk of 
long-term mortality. These findings suggest that CRP levels 
on admission for ADHF can be a predictor of long-term 
mortality, and, therefore, increased levels of admission CRP 
have prognostic value for long-term outcomes in patients 
with ADHF.

In patients with ADHF, hemodynamic changes trigger 
neurohormonal activation, which has been considered a 
major cause of cardiac remodeling, consequently leading 
to the progression of HF [16]. Inflammation is thought to 
be an important contributor to the pathogenesis of ADHF 
and/or the progression of HF itself [17–22]. There are 
obvious associations between inflammatory mediators and 
various cardiovascular conditions such as coronary artery 
disease [23–25], AF [26], and valvular heart disease [27], 
which can play important roles in the onset of ADHF or 
the progression of HF. In these contexts, inflammation may 
simply be an indicator of alterations in the underlying car-
diovascular condition in ADHF patients. However, several 
studies have shown that inflammatory cytokines, including 
tumor necrotic factor (TNF)-α and interleukin (IL)-1β, have 
direct negative effects on cardiomyocytes by causing a Ca2+ 
imbalance following the suppression of Ca2+-regulating 
gene expression in the sarcoplasmic reticulum. This ulti-
mately leads to cardiac dysfunction and the development of 
ADHF and/or the progression of HF [28–30]. Furthermore, 
these cytokines are known to increase angiotensin II type 
1 receptors, tumor growth factor (TGF)-β, and lysyl oxi-
dase, all of which stimulate cardiac fibroblasts leading to 
cardiac dysfunction and subsequent development of ADHF 
and/or the progression of HF [31–33]. Conversely, ADHF 
episodes may induce inflammation; indeed, TNF-α, IL-6, 
and IL-18 are secreted from the myocardium in response to 
mechanical stretch following hemodynamic overload [34]. 
In addition, increased monocyte differentiation is observed 

in the bone marrow of patients with HF [35]. Mesenteric 
congestion causes bacterial translocation, and as a result, 
the serum endotoxin levels increase and activate the immune 
system [36].

In patients with ADHF, elevated admission CRP levels 
can be associated with concomitant infections. In terms of 
such concomitant infections, procalcitonin (PCT), a precur-
sor peptide of calcitonin and a specific marker of bacterial 
infection, has become a recent focus in patients with HF. 
The response of PCT is both faster and greater than CRP 
[37], and PCT has a pivotal role in decision making for the 
prescription of antibiotics for patients with ADHF [38]. 
Furthermore, Meisel et al. [39] reported that patients with 
ADHF and high PCT levels had worse outcomes unless they 
received antibiotics [39], and the use of PCT in ADHF is 
recommended in the latest European Society of Cardiology 
(ESC) guidelines [40]. However, it is not conclusive whether 
PCT is a prognostic marker of ADHF patients without con-
comitant bacterial infections [38]. These results may imply 
that PCT is sensitive to bacterial infections, but not reflective 
of non-bacterial inflammation in patients with HF. Unlike 
PCT, CRP is a comprehensive downstream marker which 
represents systemic or cardiac (i.e., local) inflammation 
of a bacterial or non-bacterial nature which can be associ-
ated with the development or progression of HF in ADHF 
patients.

Alonso-Martinez et al. [41] reported that elevated CRP 
levels on admission ( > 0.9 mg/dL) in ADHF patients was 
a risk factor for re-admission within 18 months [41]. Fur-
thermore, Siirila-Waris et al. [42] reported that higher CRP 
levels ( > 1.0 mg/dL) on admission were significantly asso-
ciated with 12-month all-cause mortality following ADHF 
regardless of a diagnosis of concomitant infection [42]. 
Minami and colleagues [43] clearly showed that markedly 
elevated CRP levels on admission for ADHF ( > 11.8 mg/

Fig. 2   Forest plots of multivari-
able analyses. In the multi-
variable analysis, patients in 
Q4 were at an increased risk for 
long-term mortality compared 
to those in Q1, and the HR of 
each CRP quartile significantly 
increased as the CRP quartiles 
increased. In multivariable 
analysis in which the CRP level 
was treated as a continuous 
variable, the greater the CRP 
level, the greater the risk of all-
cause mortality. CRP C-reactive 
protein, Ln logarithm-trans-
formed, HR hazard ratio
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dL) were associated with all-cause mortality; however, in 
long-term follow-ups ( > 120 days), the association between 
markedly elevated admission CRP levels and mortality was 
prominent in non-cardiac causes [43]. On the other hand, 
modestly elevated CRP levels on admission (2.9–11.8 mg/
dL) were not associated with mortality within a 120-day 
follow-up period [43]. However, modestly elevated CRP lev-
els on admission were associated with mortality in long-term 
follow-up ( > 120 days). Taken together, modestly elevated 
admission CRP levels in ADHF patients may be a predictor 
for long-term mortality in association with chronic local-
ized cardiac inflammation, compared with markedly elevated 
CRP levels which are reflective of systemic inflammation. 
Although admission CRP levels can indicate different etiolo-
gies for the elevation of CRP levels, it is clear that elevated 
CRP levels on admission for ADHF, even modest ones, can 
be a predictor of increased all-cause mortality. Thus, the 
results of the present study are in line with this context.

Whether elevated admission CRP levels in patients with 
ADHF are causes or consequences of HF remains unclear. 
In line with this, clinical studies to determine whether 
increased CRP levels are a promising therapeutic target 
in patients with ADHF are required. Aspirin and statin 
have anti-inflammatory effects [44, 45] and β-blockers, 
angiotensin-converting enzyme inhibitors (ACE-Is), and 
angiotensin II receptor blockers (ARBs) also modulate 
inflammation in patients with HF [9, 46, 47]. However, 
in some patients, inflammation is not sufficiently sup-
pressed even with optimized medical therapy; possibly 
due to the multifactorial role of inflammation in ADHF as 
mentioned previously and might explain why anti-inflam-
matory strategies for HF have not yet achieved satisfac-
tory results [48, 49]. On the other hand, canakinumab, 
a monoclonal antibody-targeting IL-1β, has been shown 
to drastically reduce recurrent cardiovascular events in 
a pathway independent from lipid metabolism: Canaki-
numab Anti-inflammatory Thrombosis Outcomes Study 
(CANTOS) [50]. This sub-study revealed that canaki-
numab significantly improved the exercise capacity and 
LVEF in 30 patients with systolic HF (LVEF < 50%) and 
elevated CRP levels ( > 2 mg/dL) [51]. In patients with 
increased CRP levels and ADHF, there are small rand-
omized double-blind placebo controlled trials using anak-
inra, a recombinant IL-1 receptor antagonist. Van Tassel 
and colleagues [52] showed that anakinra reduced CRP by 
approximately 60% vs. baseline at 72 h, compared with a 
6% reduction among patients who received a placebo. This 
was accompanied by a significant improvement in LVEF 
( + 10% from baseline) by anakinra compared with a pla-
cebo (0%) at 2 weeks [52]. In the Recently Decompensated 
Heart Failure Anakinra Response Trial (REDHART), 
ADHF patients with increased CRP levels were randomly 
assigned to daily administration of anakinra for 2 weeks, 

12 weeks, or a placebo to investigate whether anakinra 
could improve exercise capacity through the inhibition of 
inflammatory response. Although no change in exercise 
capacity occurred at 2 weeks in patients taking anakinra, 
an improvement was observed in patients when anakinra 
was continued for 12 weeks [53]. These findings at least 
partially suggested that increased CRP levels might be a 
promising therapeutic target in patients with ADHF.

Our study is subject to some limitations. First, it was 
limited to a single academic center and included only a 
Japanese patient population. Second, since the present 
study was observational in nature, even after the adjusted 
analysis, other confounders which might have affected 
the results cannot be ruled out. Despite these limitations, 
our study highlights that in ADHF patients, the greater 
the CRP level at admission is, the poorer the long-term 
outcome.

Conclusion

The admission CRP level was associated with an increased 
risk of long-term mortality in patients with ADHF. CRP 
was an independent prognostic factor, even following hos-
pital discharge in patients with ADHF. Although a close 
association between inflammation and ADHF has been 
indicated for years, clinical evidence remains limited. Fur-
ther investigations with a larger sample size are required to 
determine novel treatments which can modify CRP levels 
in patients with ADHF.
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