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Abstract Heart failure (HF) is characterized by the

elaboration of a portfolio of pro-inflammatory cytokines

and inflammatory mediators that are considered to con-

tribute to disease progression by virtue of the deleterious

effects that these molecules exert on the heart and circu-

lation. Recent studies have suggested that these inflam-

matory mediators may serve as relevant markers of disease

severity and HF prognosis. Moreover, there is evidence that

changes in the levels of inflammatory biomarkers may

prove useful in following the change in patient clinical

status following institution of appropriate HF therapy. This

review will focus on the emerging role of inflammatory

biomarkers, including pro-inflammatory cytokines, C-

reactive protein, and erythrocyte sedimentation rate in

patients with HF.

Keywords Inflammation � Heart failure � Biomarkers �
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Introduction

Chronic heart failure (HF) is characterized by an ongoing

inflammatory response that correlates with HF disease

severity and prognosis. The link between HF and inflam-

mation was formally recognized and reported in 1990 by

Levine et al. [1] who noted that levels of an inflammatory

cytokine, tumor necrosis factor (TNF), were elevated in the

setting of HF. Since this first report, a number of studies

have shown that in addition to TNF, other pro-inflamma-

tory cytokines and chemokines are also involved in cardiac

depression and the progression of HF (Table 1) [2–7]. In

this article, we will review the implications of inflamma-

tory biomarkers in HF, with emphasis on inflammatory

biomarkers that correlate with disease severity, prognosis,

and clinical outcomes in HF.

Overview of cytokines involved in heart failure

The term cytokine is applied to a group of relatively small

molecular weight protein molecules (generally 15–

30 KDa) which are secreted by cells in response to a

variety of stimuli. Classically, cytokines are thought to be

secreted by ‘‘producer cells’’ and act in an autocrine, jux-

tacrine, or paracrine fashion to influence the biological

behavior of neighboring ‘‘target cells’’ [8]. The group of

cytokines that is responsible for initiating both the primary

host response to a bacterial infection, as well as the repair

of tissue following injury has been termed ‘‘pro-inflam-

matory cytokines.’’ Thus far, two major classes of cyto-

kines have been identified in HF: vasoconstrictor

cytokines, such as endothelin; and vasodepressor pro-

inflammatory cytokines, such as TNF, interleukin (IL)-6,

and IL-1 [4]. These inflammatory mediators are now
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known to be expressed by all the nucleated cell types

residing in the myocardium, including the cardiac myocyte,

suggesting that these molecules may do more than simply

orchestrate inflammatory responses in the heart [9].

Peripheral-circulating as well as intracardiac levels of these

cytokines are elevated in patients with HF [1, 4, 6, 10–12].

Table 1 provides a summary of the studies that examined

circulating levels of cytokines and cytokine receptors in

patients with HF. As shown in the table, most of these

studies have consistently described elevated levels of TNF

in HF, and a number of studies have demonstrated elevated

levels of IL-6. However, fewer studies have examined and

have not consistently found elevated levels of IL-1, IL-2,

IL-18, and IFN-c in HF.

The pro-inflammatory cytokine response is controlled

by a series of immunoregulatory molecules, termed the

‘‘anti-inflammatory’’ cytokines. These cytokines act in

concert with specific cytokine inhibitors and soluble cyto-

kine receptors to regulate the human immune response.

Their physiologic role in inflammation and pathologic role

in HF are being increasingly recognized [3]. Major anti-

inflammatory cytokines include interleukin-1 receptor

antagonist (IL-1ra), IL-10, IL-11, and IL-13. Specific

cytokine receptors for IL-1, TNF, and IL-18 also function

as pro-inflammatory cytokine inhibitors. Hence, in several

inflammatory disorders, the potential pathogenic effect of

inflammatory cytokines will depend on the balance in the

cytokine network, particularly on the levels of counter-

acting anti-inflammatory mediators. For example, patients

with severe HF were found to have decreased levels of

transforming growth factor beta-1 and inadequately raised

levels of IL-10 in relation to the elevated TNF concentra-

tions, and these abnormalities in the cytokine network were

most pronounced in patients with the most severe HF [13].

Recently, there has been considerable interest in ST2, a

member of the IL-1 receptor family and a protein secreted

by cultured myocytes subjected to mechanical strain [14].

The protein product of ST2 encodes a membrane receptor

of the IL-1 receptor family and a truncated soluble receptor

(sST2) that can be detected in human serum. The

Table 1 Peripheral levels of cytokines and cytokine receptors in heart failure

Cytokines Cytokine receptors

TNF-a IL-1 IL-2 IL-6 IFN-c sTNFR1 STNFR2 IL- 1RA ST-2 IL-6R

Levine et al. [1] ? nd nd nd nd nd nd nd nd nd

McMurray et al. [32] ? nd nd nd nd nd nd nd nd nd

Dutka et al. [11] ? nd nd nd nd nd nd nd nd nd

Wiederman et al. [18] ? - nd ? - nd nd nd nd nd

Katz et al. [12] ? - ? nd nd nd nd nd nd nd

Matsumori et al. [10] ? - - - - nd nd nd nd nd

Ferrari et al. [19] ? nd nd nd nd ? ? nd nd nd

Torre-Amione et al. [6] ? nd nd nd nd ? ? nd nd nd

Torre-Amione et al. [5] ? nd nd ? nd nd nd nd nd nd

Milani et al. [82] ? nd nd nd nd ? nd ? nd nd

Munger et al. [20] - - nd ? nd nd nd nd nd Nd

Testa et al. [30] ? ? - ? nd nd ? ? nd ?

Anker et al. [83] ? nd nd nd nd nd nd nd nd nd

MacGowan et al. [21] ? nd nd ? nd nd nd nd nd nd

Mohler et al. [41] ? nd nd ? nd nd nd nd nd nd

Nishigaki et al. [84] ? nd nd ? nd nd nd nd nd nd

Anker et al. [17] ? nd nd nd nd ? ? nd nd nd

Tsutamoto et al. [24] ? nd nd ? nd nd nd nd nd nd

Aukrust et al. [13] ? nd nd ? nd ? ? nd nd -

Dibbs et al. [25] ? nd nd ? nd nd nd nd nd -

Rauchhaus et al. [26] ? nd nd ? nd ? ? nd nd nd

Deswal et al. [34] ? nd nd ? nd ? ? nd nd nd

Weinberg et al. [14] nd nd nd nd nd nd nd nd ? nd

nd: Not done, ?: levels elevated, -: levels not elevated

TNF-a Tumor necrosis factor alpha, IL-1 Interleukin-1, IL-2 Interleukin-2, IL-6 Interleukin-6, IFN-c interferon gamma, sTNFR1 soluble TNF

receptor R1, sTNFR2 soluble TNF receptor R2, IL-1RA IL-1 receptor antagonist, IL-6R IL-6 receptor, sST2 soluble ST2-member of IL-1 receptor

family
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trans-membrane form of ST2 is considered to play a role in

modulating responses of T helper type 2 cells, whereas the

soluble form of ST2 is upregulated in growth-stimulated

fibroblasts. Infusion of sST2 appears to dampen inflam-

matory responses by suppressing the production of the

inflammatory cytokines IL-6 and IL-12. Interruption of the

ST2 gene results in progressive myocardial fibrosis and

hypertrophy in experimental models. Despite the potential

role played by ST2 in inflammation, significant parallels

between ST2 and natriuretic peptides exist: the ST2 gene is

markedly upregulated in states of myocyte stretch, similar

to the induction of the BNP gene, and, in analogy to the

phenotype seen in BNP-deficient mice, mice deficient in

ST2 develop dilated and hypertrophied left ventricles,

lower ejection fractions, and reduced survival. This raises

the possibility for a pluripotent role for ST2, representing a

bridge between inflammatory and neurohormonal systems.

The ligand for ST2 was recently identified as IL-33, a

product released by endothelial cells, fibroblasts, and

myocytes in response to stretch [15]. Similar to ST2, IL-33

has been suggested to play, at least, a dual role, acting as a

pro-inflammatory cytokine as well as an intracellular

nuclear factor with transcriptional regulatory properties.

ST2 might act as a soluble decoy receptor for IL-33,

mitigating the effects of excessive IL-33 exposure and

therefore mediating the interaction between cardiac

myocytes, fibroblasts, and possibly endothelial cells [16].

Cytokine levels are elevated and correlate with disease

severity in heart failure

Circulating levels of TNF, IL-6, and IL-18 are elevated in

patients with HF (Table 2) [1, 6, 10–12, 17–30]. Because

they were initially identified in patients with cardiac

cachexia [31, 32], and edematous decompensation [33],

these cytokines were considered to be expressed only in

patients with end-stage HF. However, as reported in several

studies [1, 3, 6, 10–13, 20, 27, 34, 35], pro-inflammatory

molecules are activated starting at earlier phases of HF (i.e.,

NYHA functional class II HF) [6] or asymptomatic left

ventricular dysfunction [27], and continue to rise in direct

relation to worsening NYHA functional class [6, 24, 34, 36]

(Fig. 1) regardless of the etiology of HF [3, 6, 20, 30].

In addition to the inflammatory cytokines, circulating

levels of cytokine receptors are elevated in HF. These

include the soluble TNF receptors (sTNFR1 and sTNFR2)

[19, 22, 37–39], and soluble transmembrane glycoprotein

130 (one of the receptors for IL-6 family) which are

increased in HF in close relation to functional class [13, 27,

39, 40]. Of note, even though IL-6 and glycoprotein 130

levels are elevated, soluble IL-6 receptor (IL-6R) levels are

not increased in HF patients (Table 2) [13, 25]. Levels of

soluble ST2 are significantly higher in patients with

advanced chronic HF as well as acute decompensated HF

compared with control subjects [14, 16]. Similar to the

abovementioned neutralizing soluble receptor levels, IL-1

receptor antagonist levels are also elevated in patients with

HF [13, 22, 30]. Although HF patients have enhanced

expression of anti-inflammatory cytokine IL-10 compared

to the normal population [22], in patients with severe HF,

the levels of transforming growth factor beta-1 are

decreased and IL-10 levels in relation to the elevated TNF

concentrations are considered inadequately raised [27].

Therefore, the balance is tipped toward enhanced expres-

sion of pro-inflammatory cytokines relative to anti-

inflammatory cytokines in the HF population.

Pro-inflammatory cytokines predict poor prognosis

in heart failure

In addition to correlating with disease severity (i.e., with

worsening functional class), elevated blood levels of pro-

inflammatory cytokines correlate with increased mortality

in patients with HF. Circulating levels of TNF [26, 34], IL-

6 [24, 34, 41–44] and TNF soluble receptors (sTNFR1 and

sTNFR2) [26, 34] have been reported to predict poorer

survival. As shown in Fig. 2a, data on 384 patients with

moderate-to-severe HF in the placebo arm of the Ves-

narinone Trial (VEST) have demonstrated that there is

decline in survival as a function of increasing TNF levels,

with the worst survival in patients with TNF levels [75th

percentile [34]. Similar findings were observed with cir-

culating levels of IL-6 (Fig. 2b) and levels of soluble TNF

receptors type 1 and type 2 (Fig. 2c, d). When each cyto-

kine and/or cytokine receptor was separately entered into a

multivariate Cox proportional hazards model that included

age, sex, etiology of HF, NYHA class, ejection fraction,

and serum sodium, TNF, IL-6, sTNFR1, and sTNFR2

remained significant independent predictors of mortality,

along with NYHA class and ejection fraction. However,

when all the cytokines and receptors were entered into the

model together, only sTNFR2 remained a significant pre-

dictor of mortality [34]. Of interest, in another study of 37

patients with HF and 26 age-matched control subjects, the

circulating levels of sTNFR2 also appeared to be the most

powerful predictor of mortality [19]. In a larger study of

152 patients with HF, Rauchhaus et al., however, reported

that sTNF-R1 was the strongest and most accurate prog-

nosticator, as the receiver operating characteristic area

under the curve for sTNF-R1 was greater than for sTNF-R2

at 6, 12, and 18 months (all P \ 0.05) [26]. Most studies

have evaluated patients with HF and depressed ejection,

but a recent community-based study demonstrated that

higher TNF levels were independently associated with a

greater risk of mortality even in patients with HF and

preserved ejection fraction [35]. Although these clinical
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studies cannot address the issue of whether elevated cir-

culating levels of cytokines and cytokine receptors repre-

sent an epiphenomenon that is associated with, but not

causally related to, worsening disease severity and out-

comes, the preponderance of data supports the theory that

pro-inflammatory cytokines, TNF and IL-6 contribute fur-

ther to the progression of HF and worse outcomes in HF.

It has also been suggested that sST2 levels may correlate

with prognosis. A study by Weinberg demonstrated that an

increase in ST2 levels over a 2-week period was a

significant predictor of mortality or transplantation inde-

pendent of BNP or ProANP in patients with advanced

chronic HF [14]. In addition, Mueller et al. showed that

increased sST2 plasma concentrations in patients present-

ing with acute decompensated HF were independently and

strongly associated with 1-year mortality [85].

Inflammatory cytokines as markers for monitoring

response to therapy in heart failure

There have been several studies examining the changes in

levels of inflammatory cytokines during standard therapy

for HF. Some of these changes can be attributed to direct

interaction of the medications used, such as the interaction

between neurohormonal antagonists and the pro-inflam-

matory cytokines [46, 47]. Clinical studies have shown that

treatment with angiotensin receptor antagonists can lead to

significant reductions in circulating levels of TNF and/or

cell adhesion molecules in patients with HF [48]. b-

Adrenergic blockade has also been shown to prevent the

expression of inflammatory mediators in post-infarction

animal models [49], and result in significant reductions in

pro-inflammatory cytokine levels in clinical studies with

HF patients [22, 50–55]. Compared to angiotensin receptor

blockers and b blockers, the effect of angiotensin con-

verting enzyme (ACE) inhibitors on inflammatory cyto-

kines is not as clear. In a study by Gage et al., TNF

production was significantly lower in patients receiving

ACE inhibitors and there was a trend toward lower levels

of serum IL-6 in patients receiving both ACE inhibitors

and beta blockers [52]. Again, in the same study, the ratios

of interferon gamma to IL-10 levels were lower in patients

receiving a combination of beta-blocker and ACE inhibitor

therapy. In an animal infarct model, use of ACE inhibitors

for a period of 28 days resulted in reduction of cardiac

cytokine expression [47]. Contrarily, in a clinical study by

Gullestad and colleagues, treatment with ACE inhibitors

for a period of 34 weeks resulted in a rise in the peripheral

levels of chemokines, cell adhesion molecules, and pro-

inflammatory cytokines except those of IL-6 [56]. There is

little information regarding inflammatory cytokines and

other medications used in the treatment of HF. Mohler

et al. demonstrated that treatment with the long-acting

dihydropyridine calcium antagonist, amlodipine, for a

period of 26 weeks lowered plasma IL-6 levels in patients

with HF [41]. Other studies have noted that optimization of

background standard therapy of HF with diuretics, ACE

inhibitors, beta blockers, and digoxin can result in signifi-

cant reductions in circulating levels of TNF and IL-6 [42].

Physical training reduces plasma levels of TNF, IL-6,

sTNFR1, sTNFR2, and sIL-6R in patients with HF [57,

58]. Furthermore, in patients with advanced HF, mechan-

ical circulatory support with ventricular assist device

Fig. 1 TNF levels in patients with class I to IV heart failure.

Compared with age-matched control subjects (open bar), there was a

progressive increase in serum TNF-a levels in direct relation to

decreasing functional heart failure classification. The solid bars
denote values for patients enrolled in Studies of Left Ventricular

Dysfunction (SOLVD) [5]; the shaded bar denotes values for NYHA

class IV patients who were undergoing cardiac transplantation [6].

*Significantly different from normal. Reproduced from Seta et al.

[36], by permission of Churchill Livingstone �1996

Fig. 2 Kaplan–Meier survival analysis. The circulating levels of

TNF (a), IL-6 (b), sTNFR1 (c), and sTNFR2 (d) were examined in

relation to patient survival during follow-up (mean duration

55 weeks; maximum duration 78 weeks). For this analysis, the

circulating levels of cytokines and cytokine receptors were arbitrarily

divided into quartiles. Reproduced with permission from Deswal et al.

[34], by permission of the American Heart Association �2001
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results in markedly reduced myocardial expression of TNF

after several weeks of support [59, 60].

These studies suggest that there are important interac-

tions between the renin–angiotensin, adrenergic systems,

and pro-inflammatory cytokines, and many of the con-

ventional therapies for HF may work, at least in part,

through the modulation of pro-inflammatory cytokines.

Nevertheless, it should be noted despite these temporal

parallel changes in the levels of cytokines with optimal HF

therapy, we currently do not have data from large-scale

trials on the changes in inflammatory biomarkers over time

correlating with morbidity and mortality in HF patients.

Furthermore, the sensitivity, specificity, and negative and

positive predictive values of inflammatory biomarkers in

predicting response to therapy for HF are not known, and

whether any of the inflammatory markers provide addi-

tional information over and above the established variables

remains to be established [25].

Pro-inflammatory cytokines as predictors for

development of heart failure in asymptomatic patients

Elevated levels of IL-6 and TNF have been reported in

patients with left ventricular dysfunction in the absence of

clinical symptoms of HF [5, 61]; however only recently,

the predictive role of pro-inflammatory cytokines for

development of HF in asymptomatic patients has been

described. In a subgroup consisting of 732 elderly subjects

without prior HF enrolled in Framingham study, Vasan and

colleagues reported that baseline levels of IL-6 and spon-

taneous production of TNF by peripheral blood mononu-

clear cells (PMBC) were predictive of development of HF

in the next 5 years [27]. After adjustment for established

risk factors, including the occurrence of myocardial

infarction during follow-up, the investigators found that the

risk of developing HF increased from *1.6-fold to 1.7-fold

per tertile increment in PBMC TNF and IL-6 levels. Sub-

jects with elevated serum IL-6 and PBMC TNF greater

than median values as well as CRP C5 mg/dL had a 4.1-

fold risk for developing HF. The study population con-

sisted of predominantly elderly, white subjects (67%

female) with a high prevalence of hypertension (*70%),

atrial fibrillation (*7%), and pre-existing cardiovascular

disease without prior documented myocardial infarction. It

is important to point out that in this study, there was no

assessment of left ventricular function at baseline. Elevated

inflammatory markers in this study may have identified

patients with vascular disease at risk for myocardial

infarction [62, 63] or patients with preexisting subclinical

left ventricular dysfunction [64]. Without a baseline

assessment of ventricular function, it is not possible to

determine whether elevated levels of IL-6, TNF, and CRP

predict the de novo development of cardiomyopathy versus

the transition from subclinical left ventricular dysfunction

to overt HF.

Chemokines

Chemokines are potent pro-inflammatory and immune

modulators. Chemokines regulate several biological pro-

cesses such as chemotaxis, activation and migration of

leukocytes to areas of inflammation, collagen turnover,

angiogenesis, and apoptosis [3]. TNF and other pro-

inflammatory cytokines, such as IL-1b and IL-6 or inter-

feron-c are known to induce these chemotactic polypep-

tides [65]. Potent chemokines such as macrophage

chemoattractant protein-1 (MCP-1) and macrophage

inflammatory protein- 1alpha (MIP-1a) not only can attract

the monocytes and the lymphocytes, but also can modulate

other functions of these cells, e.g. generation of reactive

oxygen species [3]. Monocyte chemoattractant protein-1

has been reported to be upregulated in experimental models

of HF with pressure or volume-overload [66, 67]. Fur-

thermore, transgenic overexpression of MCP-1 in the

myocardium has been shown to result in myocarditis and

subsequent development of HF in experimental models

[68]. Similar to the pro-inflammatory cytokines, the failing

human heart expresses chemokine and chemokine recep-

tors [69]. Increased expression of chemokines, e.g.,

monocyte chemoattractant protein-1, has recently been

described in clinical HF [3]. Aukrust and colleagues

reported that HF patients had significantly elevated levels

of all the chemokines with the highest levels in patients in

New York Heart Association functional class IV [3]. In this

study, MCP-1 and MIP-1a levels significantly and inver-

sely correlated with left ventricular ejection fraction. Fur-

ther studies on cells isolated from peripheral blood of these

patients suggest that platelets, CD3? lymphocytes, and in

particular, monocytes, may contribute to the elevated

chemokine levels in HF [3].

C-reactive protein

C-reactive protein (CRP) is a phylogenetically highly

conserved plasma protein that participates in the systemic

response to inflammation [70]. It is exclusively produced in

the liver and its plasma concentration increases during

inflammatory states, a characteristic that has long been

employed for clinical purposes. With the recent recognition

of its diagnostic and prognostic role in ischemic heart

disease and acute coronary syndromes, CRP has aroused an

interest as a laboratory marker for standard testing. As will

be reviewed in the following paragraph, CRP has been
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described to correlate with disease severity and prognosis

in patients with HF.

The first observation of increased concentrations of CRP

in HF was published in 1990. In this study, the serum

concentration of CRP was higher than normal in 70% of

the HF patients, and the concentration was directly related

to the severity of HF and the stage of decompensation [71].

Subsequently, another group measured CRP values in 188

patients with idiopathic-dilated cardiomyopathy and left

ventricular ejection fraction \40% [72]. Those patients

who died during a follow-up period of 5 years had sig-

nificantly higher CRP concentrations than those who sur-

vived (1.05 ± 1.37 vs. 0.49 ± 1.04 mg/dL, P \ 0.05).

Sixty-two percent of the patients with CRP [ 1.0 mg/dL

died within 5 years. Similarly, Milo et al. reported that in

30 patients admitted with acute HF, CRP levels were ele-

vated in nonischemic as well as ischemic patients com-

pared to those in controls [73]. In another study of 76

patients hospitalized for HF, the mean CRP level was

found to be significantly higher in patients with HF com-

pared to a control group (3.94 ± 5.87 vs. 0.84 ± 1 mg/

dL), CRP levels were increased in relation to NYHA class

and the HF patients with elevated CRP levels ([0.9 mg/dl)

were at greater risk of hospitalization during the 18 month

follow-up period compared to patients with normal CRP

levels [74]. Similarly, Cesari et al. reported that among

elderly patients, for every one standard deviation increase

in CRP the risk of HF events increased by 48% [75]. These

studies underline the association of CRP with disease

severity and prognosis in HF patients.

Recently, Vasan and colleagues reported the role of

CRP in the prediction of ‘‘development of HF’’ [27]. They

examined CRP as an antecedent to HF among elderly

subjects enrolled in the Framingham Heart Study. Elevated

CRP (serum CRP level C5 mg/dL) was associated with a

2.8-fold increased risk of development of HF during a

follow-up period of approximately 5 years compared to

subjects with normal CRP levels [27]. Given the associa-

tion of CRP to atherosclerotic coronary events, it should be

noted that in the studies by Vasan et al. [27] and Cesari

et al. [75], the subjects were free of ischemic heart disease

at the time of entry; however, the outcomes included both

ischemic and nonischemic HF events.

Lastly, it is important to note that use of ACE inhib-

itors and beta blockers has been associated with lower

levels of CRP in HF patients [64]. At the present time,

despite its clear associations with HF disease severity and

outcomes, it is not clear whether CRP is merely a marker

of inflammation with no particular role in the develop-

ment of HF or whether it is involved in the pathogenesis

and progression of HF. It is also not clear whether it can

be used as a biomarker for monitoring success of therapy

for HF.

Erythrocyte sedimentation rate

Erythrocyte sedimentation rate (ESR) has been of partic-

ular interest in HF due its low cost, easy applicability, and

reproducibility. However, clinical studies which are his-

torically separated from each other by decades have yiel-

ded controversial results on its role in HF. Based on the

potential misinterpretation of the results in a single report

published in 1936, physicians have long believed that the

ESR is low in patients with HF [76–78]. To reevaluate this

concept in the modern era, Haber et al. measured the ESR

in 242 HF patients and reported that the ESR was low

(\5 mm per hour) in only 10% of the patients, but was

higher (above 25 mm per hour) in 50%. Surprisingly,

patients with low or normal sedimentation rates (less than

or equal to 25 mm per hour) had more severe hemody-

namic abnormalities, worse New York Heart Association

functional class symptoms, and worse 1-year survival

compared with patients with elevated ESR [76]. Subse-

quently, in 2001, Sharma and colleagues studied ESR in

relation to plasma levels of inflammatory cytokines and

mortality in 159 HF patients [79]. The ESR ranged from 1

to 96 mm/h (median 14 mm/h) and, similar to the study by

Haber et al. [76], only 16% of the patients in this study had

an ESR \ 5 mm/h. Therefore, we can conclude that both

reports suggest that the ESR is high in HF. In the study by

Sharma and colleagues, the ESR correlated with TNF,

sTNFR1, sTNFR2 and IL-6 levels. However, contrary to

the findings in Haber’s study, high ESR levels indicated a

poor prognosis, which was independent of age, NYHA

class, ejection fraction, and peak oxygen consumption.

Patients with ESR above the median (C15 mm/h) com-

pared to patients with ESR \ 15 mm/h had an impaired

survival (hazard ratio 2.62) (Fig. 3). The authors suggested

Fig. 3 Kaplan–Meier survival plot for 159 patients with chronic

heart failure. Patients were subgrouped according to ESR. The group

of patients with high ESR (C15 mm/h) had an impaired survival

compared with patients with ESR \ 15 mm/h (RR 2.62, 95% CI

1.58–4.36, P \ 0.0001. Reproduced with permission from Sharma

et al. [79], by permission of the American College of Cardiology and

Elsevier Science Inc. �2000
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that the difference between their findings and those of

Haber’s findings may be due to the temporal changes in the

treatment of HF with ACE inhibitors or other agents

between the two studies.

Use of inflammatory biomarkers in the management

of patients with heart failure

Although the development of clinical practice guidelines

and disease management strategies for patients with HF has

resulted in dramatic overall improvements in patient care

and outcomes, the day-to-day management of individual

patients with HF remains challenging. This is partly due to

the fact that HF management is quite complex involving

numerous therapies; including but not limited to lifestyle

modification with diet and exercise, defibrillator or pacing

devices, anti-remodeling surgery, and medications that

need to be up-titrated to clinically proven doses, and that

may have side effects limiting their utilization. Further-

more, there may be racial, gender, age-specific differences

in the way patients respond to these therapies. Thus, there

is a need for useful biomarkers to help individualize

management strategies and guide appropriate selection,

timing and/or dosing of therapies in patients with HF [80].

Data from large-scale, well-designed clinical trials provide

evidence that changes in neurohormonal levels over time

are associated with changes in morbidity and mortality in

HF patients [81]. However, at the present time, it is not

clear whether clinicians should use changes in levels of

these biomarkers, such as plasma norepinephrine levels

and/or brain natriuretic peptide, to guide HF management

[80]. Furthermore, we currently do not have similar data

from large-scale trials on the changes in inflammatory

biomarkers over time correlating with morbidity and

mortality in HF patients.

To be useful for a large, general population, a screening

test should be sensitive, accurate, reliable, easily stan-

dardized, and inexpensive. The assay should be relatively

easy to perform and analyze so that the information is

readily available to the clinician while the patient is still in

the treatment area. The inflammatory biomarkers currently

do not fulfill these criteria. The sensitivity, specificity,

negative, and positive predictive values of inflammatory

biomarkers in the setting of HF are not well described;

whether any of the inflammatory markers provide mean-

ingful information over and above established variables

remains to be proven; the assays of cytokines or chemo-

kines are not uniformly standardized; and the degree of

natural variability in circulating cytokine levels increases

with time in patients with HF [25]. Thus, the concept of

utilization of inflammatory biomarkers to guide therapy in

HF remains at experimental levels as of now.

Summary

In the foregoing review, we have discussed the diagnostic

and prognostic importance of biomarkers of inflammation

in patients with HF. As noted, some of these biomarkers,

such as pro-inflammatory cytokines and chemokines, may

be involved in the pathogenesis and progression of HF,

whereas others such as CRP or ESR may simply reflect the

degree of systemic inflammation. Table 2 provides a

summary of the inflammatory biomarkers that have been

implicated in HF thus far, as well as whether they are (1)

involved in the pathogenesis of HF, (2) correlate with

disease severity or prognosis in HF, (3) predict the devel-

opment of HF in asymptomatic patients, (4) change with

HF therapy, and (5) represent potential targets for future

therapies. As noted above, there is insufficient evidence to

embrace the concept of utilizing inflammatory biomarkers

to guide therapy in HF at the present time. However, it is

possible that multimarker strategies that combine inflam-

matory biomarkers may ultimately prove beneficial in

guiding HF therapy in the future.

Acknowledgements Dr. Bozkurt is a recipient of a Merit Entry

Level grant support from Veterans Affairs Medical Research Service

(MRS). Dr. Deswal is a recipient of an Advanced Career Develop-

ment Award (# 612 A) from the Veterans Affairs Cooperative Studies

Program. This research was financially supported under grants

HL58081, HL42250, HL073017, and UO-1HL084890-01 from the

National Institutes of Health.

References

1. Levine B, Kalman J, Mayer L, Fillit HM, Packer M (1990)

Elevated circulating levels of tumor necrosis factor in severe

chronic heart failure. N Engl J Med 323:236–241

2. Bozkurt B, Kribbs SB, Clubb FJ Jr et al (1998) Pathophysio-

logically relevant concentrations of tumor necrosis factor-alpha

promote progressive left ventricular dysfunction and remodeling

in rats. Circulation 97:1382–1391

3. Aukrust P, Ueland T, Muller F et al (1998) Elevated circulating

levels of C–C chemokines in patients with congestive heart

failure. Circulation 97:1136–1143

4. Mann DL (2002) Inflammatory mediators and the failing heart:

past, present, and the foreseeable future. Circ Res 91:988–998

5. Torre-Amione G, Kapadia S, Benedict C, Oral H, Young JB,

Mann DL (1996) Proinflammatory cytokine levels in patients

with depressed left ventricular ejection fraction: a report from the

Studies of Left Ventricular Dysfunction (SOLVD). J Am Coll

Cardiol 27:1201–1206

6. Torre-Amione G, Kapadia S, Lee J et al (1996) Tumor necrosis

factor-alpha and tumor necrosis factor receptors in the failing

human heart. Circulation 93:704–711

7. Kapadia SR, Yakoob K, Nader S, Thomas JD, Mann DL, Griffin

BP (2000) Elevated circulating levels of serum tumor necrosis

factor-alpha in patients with hemodynamically significant pres-

sure and volume overload. J Am Coll Cardiol 36:208–212

8. Nathan C, Sporn M (1991) Cytokines in context. J Cell Biol

113:981–986

338 Heart Fail Rev (2010) 15:331–341

123



9. Torre-Amione G, Kapadia S, Lee J, Bies RD, Lebovitz R, Mann

DL (1995) Expression and functional significance of tumor

necrosis factor receptors in human myocardium. Circulation

92:1487–1493

10. Matsumori A, Yamada T, Suzuki H, Matoba Y, Sasayama S

(1994) Increased circulating cytokines in patients with myocar-

ditis and cardiomyopathy. Br Heart J 72:561–566

11. Dutka DP, Elborn JS, Delamere F, Shale DJ, Morris GK (1993)

Tumour necrosis factor alpha in severe congestive cardiac failure.

Br Heart J 70:141–143

12. Katz SD, Rao R, Berman JW et al (1994) Pathophysiological

correlates of increased serum tumor necrosis factor in patients

with congestive heart failure. Relation to nitric oxide-dependent

vasodilation in the forearm circulation. Circulation 90:12–16

13. Aukrust P, Ueland T, Lien E et al (1999) Cytokine network in

congestive heart failure secondary to ischemic or idiopathic

dilated cardiomyopathy. Am J Cardiol 83:376–382

14. Weinberg EO, Shimpo M, Hurwitz S, Tominaga S, Rouleau JL,

Lee RT (2003) Identification of serum soluble ST2 receptor as a

novel heart failure biomarker. Circulation 107:721–726

15. Braunwald E (2008) Biomarkers in heart failure. N Engl J Med

358:2148–2159

16. Januzzi JL Jr, Peacock WF, Maisel AS et al (2007) Measurement

of the interleukin family member ST2 in patients with acute

dyspnea: results from the PRIDE (Pro-Brain Natriuretic Peptide

Investigation of Dyspnea in the Emergency Department) study. J

Am Coll Cardiol 50:607–613

17. Anker SD, Egerer KR, Volk HD, Kox WJ, Poole-Wilson PA,

Coats AJ (1997) Elevated soluble CD14 receptors and altered

cytokines in chronic heart failure. Am J Cardiol 79:1426–1430

18. Wiedermann CJ, Beimpold H, Herold M, Knapp E, Braunsteiner

H (1993) Increased levels of serum neopterin and decreased

production of neutrophil superoxide anions in chronic heart

failure with elevated levels of tumor necrosis factor-alpha. J Am

Coll Cardiol 22:1897–1901

19. Ferrari R, Bachetti T, Confortini R et al (1995) Tumor necrosis

factor soluble receptors in patients with various degrees of con-

gestive heart failure. Circulation 92:1479–1486

20. Munger MA, Johnson B, Amber IJ, Callahan KS, Gilbert EM

(1996) Circulating concentrations of proinflammatory cytokines

in mild or moderate heart failure secondary to ischemic or idio-

pathic dilated cardiomyopathy. Am J Cardiol 77:723–727

21. MacGowan GA, Mann DL, Kormos RL, Feldman AM, Murali S

(1997) Circulating interleukin-6 in severe heart failure. Am J

Cardiol 79:1128–1131

22. Loppnow H, Werdan K, Werner C (2002) The enhanced plasma

levels of soluble tumor necrosis factor receptors (sTNF-R1;

sTNF-R2) and interleukin-10 (IL-10) in patients suffering from

chronic heart failure are reversed in patients treated with beta-

adrenoceptor antagonist. Auton Autacoid Pharmacol 22:83–92

23. Seta Y, Kanda T, Tanaka T et al (2000) Interleukin-18 in patients

with congestive heart failure: induction of atrial natriuretic peptide

gene expression. Res Commun Mol Pathol Pharmacol 108:87–95

24. Tsutamoto T, Hisanaga T, Wada A et al (1998) Interleukin-6

spillover in the peripheral circulation increases with the severity

of heart failure, and the high plasma level of interleukin-6 is an

important prognostic predictor in patients with congestive heart

failure. J Am Coll Cardiol 31:391–398

25. Dibbs Z, Thornby J, White BG, Mann DL (1999) Natural vari-

ability of circulating levels of cytokines and cytokine receptors in

patients with heart failure: implications for clinical trials. J Am

Coll Cardiol 33:1935–1942

26. Rauchhaus M, Doehner W, Francis DP et al (2000) Plasma

cytokine parameters and mortality in patients with chronic heart

failure. Circulation 102:3060–3067

27. Vasan RS, Sullivan LM, Roubenoff R et al (2003) Inflammatory

markers and risk of heart failure in elderly subjects without prior

myocardial infarction: the Framingham Heart Study. Circulation

107:1486–1491

28. Deswal A, Petersen NJ, Feldman AM, White BG, Mann DL

(2001) Effects of vesnarinone on peripheral circulating levels of

cytokines and cytokine receptors in patients with heart failure: a

report from the Vesnarinone Trial. Chest 120:453–459

29. Saraste A, Voipio-Pulkki LM, Heikkila P, Laine P, Nieminen

MS, Pulkki K (2002) Soluble tumor necrosis factor receptor

levels identify a subgroup of heart failure patients with increased

cardiomyocyte apoptosis. Clin Chim Acta 320:65–67

30. Testa M, Yeh M, Lee P et al (1996) Circulating levels of cyto-

kines and their endogenous modulators in patients with mild to

severe congestive heart failure due to coronary artery disease or

hypertension. J Am Coll Cardiol 28:964–971

31. Anker SD, Ponikowski PP, Clark AL et al (1999) Cytokines

and neurohormones relating to body composition alterations in

the wasting syndrome of chronic heart failure. Eur Heart J

20:683–693

32. McMurray J, Abdullah I, Dargie HJ, Shapiro D (1991) Increased

concentrations of tumour necrosis factor in ‘‘cachectic’’ patients

with severe chronic heart failure. Br Heart J 66:356–358

33. Niebauer J, Volk HD, Kemp M et al (1999) Endotoxin and

immune activation in chronic heart failure: a prospective cohort

study. Lancet 353:1838–1842

34. Deswal A, Petersen NJ, Feldman AM, Young JB, White BG,

Mann DL (2001) Cytokines and cytokine receptors in advanced

heart failure: an analysis of the cytokine database from the

Vesnarinone trial (VEST). Circulation 103:2055–2059

35. Dunlay SM, Weston SA, Redfield MM, Killian JM, Roger VL

(2008) Tumor necrosis factor-alpha and mortality in heart failure:

a community study. Circulation 118:625–631

36. Seta Y, Shan K, Bozkurt B, Oral H, Mann DL (1996) Basic

mechanisms in heart failure: the cytokine hypothesis. J Card Fail

2:243–249

37. Hansen MS, Stanton EB, Gawad Y et al (2002) Relation of cir-

culating cardiac myosin light chain 1 isoform in stable severe

congestive heart failure to survival and treatment with flosequ-

inan. Am J Cardiol 90:969–973

38. Nowak J, Rozentryt P, Szewczyk M et al (2002) Tumor necrosis

factor receptors sTNF-RI and sTNF-RII in advanced chronic

heart failure. Pol Arch Med Wewn 107:223–229

39. Nozaki N, Yamaguchi S, Shirakabe M, Nakamura H, Tomoike H

(1997) Soluble tumor necrosis factor receptors are elevated in

relation to severity of congestive heart failure. Jpn Circ J 61:657–

664

40. Chin BS, Blann AD, Gibbs CR, Chung NA, Conway DG, Lip GY

(2003) Prognostic value of interleukin-6, plasma viscosity,

fibrinogen, von Willebrand factor, tissue factor and vascular

endothelial growth factor levels in congestive heart failure. Eur J

Clin Invest 33:941–948

41. Mohler ERIII, Sorensen LC, Ghali JK et al (1997) Role of

cytokines in the mechanism of action of amlodipine: the PRAISE

Heart Failure Trial. Prospective Randomized Amlodipine Sur-

vival Evaluation. J Am Coll Cardiol 30:35–41

42. Maeda K, Tsutamoto T, Wada A et al (2000) High levels of

plasma brain natriuretic peptide and interleukin-6 after optimized

treatment for heart failure are independent risk factors for mor-

bidity and mortality in patients with congestive heart failure. J

Am Coll Cardiol 36:1587–1593

43. Kell R, Haunstetter A, Dengler TJ, Zugck C, Kubler W, Haass M

(2002) Do cytokines enable risk stratification to be improved in

NYHA functional class III patients? Comparison with other

potential predictors of prognosis. Eur Heart J 23:70–78

Heart Fail Rev (2010) 15:331–341 339

123



44. Ferrari R (2002) Interleukin-6: a neurohumoral predictor of

prognosis in patients with heart failure: light and shadow. Eur

Heart J 23:9–10

45. Wilson Tang WH, Francis GS, Morrow DA et al (2007) National

Academy of Clinical Biochemistry Laboratory Medicine practice

guidelines: clinical utilization of cardiac biomarker testing in

heart failure. Circulation 116:e99–e109

46. Hernandez-Presa M, Bustos C, Ortego M et al (1997) Angio-

tensin-converting enzyme inhibition prevents arterial nuclear

factor-kappa B activation, monocyte chemoattractant protein-1

expression, and macrophage infiltration in a rabbit model of early

accelerated atherosclerosis. Circulation 95:1532–1541

47. Wei GC, Sirois MG, Qu R, Liu P, Rouleau JL (2002) Subacute

and chronic effects of quinapril on cardiac cytokine expression,

remodeling, and function after myocardial infarction in the rat. J

Cardiovasc Pharmacol 39:842–850

48. Gurlek A, Kilickap M, Dincer I, Dandachi R, Tutkak H, Oral D

(2001) Effect of losartan on circulating TNFalpha levels and left

ventricular systolic performance in patients with heart failure. J

Cardiovasc Risk 8:279–282

49. Prabhu SD, Chandrasekar B, Murray DR, Freeman GL (2000)

Beta-adrenergic blockade in developing heart failure: effects on

myocardial inflammatory cytokines, nitric oxide, and remodeling.

Circulation 101:2103–2109

50. Aronson D, Burger AJ (2001) Effect of beta-blockade on auto-

nomic modulation of heart rate and neurohormonal profile in

decompensated heart failure. Ann Noninvasive Electrocardiol

6:98–106

51. de WI, Jaccard C, Corradin SB et al (1997) Cytokines, nitrite/

nitrate, soluble tumor necrosis factor receptors, and procalcitonin

concentrations: comparisons in patients with septic shock, car-

diogenic shock, and bacterial pneumonia. Crit Care Med 25:607–

613

52. Gage JR, Fonarow G, Hamilton M, Widawski M, Martinez-Maza

O, Vredevoe DL (2004) Beta blocker and angiotensin-converting

enzyme inhibitor therapy is associated with decreased Th1/Th2

cytokine ratios and inflammatory cytokine production in patients

with chronic heart failure. Neuroimmunomodulation 11:173–180

53. Matsumura T, Tsushima K, Ohtaki E et al (2002) Effects of

carvedilol on plasma levels of interleukin-6 and tumor necrosis

factor-alpha in nine patients with dilated cardiomyopathy. J

Cardiol 39:253–257

54. Ohtsuka T, Hamada M, Hiasa G et al (2001) Effect of beta-

blockers on circulating levels of inflammatory and anti-inflam-

matory cytokines in patients with dilated cardiomyopathy. J Am

Coll Cardiol 37:412–417

55. Tsutamoto T, Wada A, Matsumoto T et al (2001) Relationship

between tumor necrosis factor-alpha production and oxidative

stress in the failing hearts of patients with dilated cardiomyopa-

thy. J Am Coll Cardiol 37:2086–2092

56. Gullestad L, Aukrust P, Ueland T et al (1999) Effect of high-

versus low-dose angiotensin converting enzyme inhibition on

cytokine levels in chronic heart failure. J Am Coll Cardiol

34:2061–2067

57. Lemaitre JP, Harris S, Fox KA, Denvir M (2004) Change in

circulating cytokines after 2 forms of exercise training in chronic

stable heart failure. Am Heart J 147:100–105

58. Adamopoulos S, Parissis J, Karatzas D et al (2002) Physical

training modulates proinflammatory cytokines and the soluble

Fas/soluble Fas ligand system in patients with chronic heart

failure. J Am Coll Cardiol 39:653–663

59. Torre-Amione G, Stetson SJ, Youker KA et al (1999) Decreased

expression of tumor necrosis factor-alpha in failing human

myocardium after mechanical circulatory support: a potential

mechanism for cardiac recovery. Circulation 100:1189–1193

60. Clark AL, Loebe M, Potapov EV et al (2001) Ventricular assist

device in severe heart failure: effects on cytokines, complement

and body weight. Eur Heart J 22:2275–2283

61. Raymond RJ, Dehmer GJ, Theoharides TC, Deliargyris EN (2001)

Elevated interleukin-6 levels in patients with asymptomatic left

ventricular systolic dysfunction. Am Heart J 141:435–438

62. Ridker PM, Rifai N, Pfeffer M, Sacks F, Lepage S, Braunwald E

(2000) Elevation of tumor necrosis factor-alpha and increased

risk of recurrent coronary events after myocardial infarction.

Circulation 101:2149–2153

63. Ridker PM, Rifai N, Stampfer MJ, Hennekens CH (2000) Plasma

concentration of interleukin-6 and the risk of future myocardial

infarction among apparently healthy men. Circulation 101:1767–

1772

64. Joynt KE, Gattis WA, Hasselblad V et al (2004) Effect of

angiotensin-converting enzyme inhibitors, beta blockers, statins,

and aspirin on C-reactive protein levels in outpatients with heart

failure. Am J Cardiol 93:783–785

65. Rollins BJ, Yoshimura T, Leonard EJ, Pober JS (1990) Cytokine-

activated human endothelial cells synthesize and secrete a

monocyte chemoattractant, MCP-1/JE. Am J Pathol 136:1229–

1233

66. Shioi T, Matsumori A, Kihara Y et al (1997) Increased expression

of interleukin-1 beta and monocyte chemotactic and activating

factor/monocyte chemoattractant protein-1 in the hypertrophied

and failing heart with pressure overload. Circ Res 81:664–671

67. Behr TM, Wang X, Aiyar N et al (2000) Monocyte chemoat-

tractant protein-1 is upregulated in rats with volume-overload

congestive heart failure. Circulation 102:1315–1322

68. Kolattukudy PE, Quach T, Bergese S et al (1998) Myocarditis

induced by targeted expression of the MCP-1 gene in murine

cardiac muscle. Am J Pathol 152:101–111

69. Damas JK, Eiken HG, Oie E et al (2000) Myocardial expression

of CC- and CXC-chemokines and their receptors in human end-

stage heart failure. Cardiovasc Res 47:778–787

70. Black S, Kushner I, Samols D (2004) C-reactive protein. J Biol

Chem 279:48487–48490

71. Pye M, Rae AP, Cobbe SM (1990) Study of serum C-reactive

protein concentration in cardiac failure. Br Heart J 63:228–230

72. Kaneko K, Kanda T, Yamauchi Y et al (1999) C-reactive protein

in dilated cardiomyopathy. Cardiology 91:215–219

73. Milo O, Cotter G, Kaluski E et al (2003) Comparison of

inflammatory and neurohormonal activation in cardiogenic pul-

monary edema secondary to ischemic versus nonischemic causes.

Am J Cardiol 92:222–226

74. Alonso-Martinez JL, Llorente-Diez B, Echegaray-Agara M,

Olaz-Preciado F, Urbieta-Echezarreta M, Gonzalez-Arencibia C

(2002) C-reactive protein as a predictor of improvement and

readmission in heart failure. Eur J Heart Fail 4:331–336

75. Cesari M, Penninx BW, Newman AB et al (2003) Inflammatory

markers and onset of cardiovascular events: results from the

Health ABC study. Circulation 108:2317–2322

76. Haber HL, Leavy JA, Kessler PD, Kukin ML, Gottlieb SS, Packer

M (1991) The erythrocyte sedimentation rate in congestive heart

failure. N Engl J Med 324:353–358

77. Parry EH (1961) The erythrocyte sedimentation rate in heart

failure. Acta Med Scand 169:79–85

78. Mcginnis AE, Lansche WE, Glaser RJ, Loeb LH (1953) Obser-

vations on the erythrocyte sedimentation rate in congestive heart

failure. Am J Med Sci 225:599–604

79. Sharma R, Rauchhaus M, Ponikowski PP et al (2000) The rela-

tionship of the erythrocyte sedimentation rate to inflammatory

cytokines and survival in patients with chronic heart failure

treated with angiotensin-converting enzyme inhibitors. J Am Coll

Cardiol 36:523–528

340 Heart Fail Rev (2010) 15:331–341

123



80. Bozkurt B, Mann DL (2003) Use of biomarkers in the manage-

ment of heart failure: are we there yet? Circulation 107:1231–

1233

81. Anand IS, Fisher LD, Chiang YT et al (2003) Changes in brain

natriuretic peptide and norepinephrine over time and mortality

and morbidity in the Valsartan Heart Failure Trial (Val-HeFT).

Circulation 107:1278–1283

82. Milani RV, Mehra MR, Endres S et al (1996) The clinical rele-

vance of circulating tumor necrosis factor-alpha in acute

decompensated chronic heart failure without cachexia. Chest

110:992–995

83. Anker SD, Chua TP, Ponikowski P et al (1997) Hormonal

changes and catabolic/anabolic imbalance in chronic heart failure

and their importance for cardiac cachexia. Circulation 96:526–

534

84. Nishigaki K, Minatoguchi S, Seishima M et al (1997) Plasma Fas

ligand, an inducer of apoptosis, and plasma soluble Fas, an

inhibitor of apoptosis, in patients with chronic congestive heart

failure. J Am Coll Cardiol 29:1214–1220

85. Mueller T, Dieplinger B, Gegenhuber A, Poelz W, Pacher R,

Haltmayer M (2008) Increased plasma concentrations of soluble

ST2 are predictive for 1-year mortality in patients with acute

destabilized heart failure. Clin Chem 54:752–756

86. Stenvinkel P, Andersson P, Wang T et al (1999) Do ACE-

inhibitors suppress tumour necrosis factor-alpha production in

advanced chronic renal failure? J Intern Med 246:503–507

Heart Fail Rev (2010) 15:331–341 341

123


	Biomarkers of inflammation in heart failure
	Abstract
	Introduction
	Overview of cytokines involved in heart failure
	Cytokine levels are elevated and correlate with disease severity in heart failure
	Pro-inflammatory cytokines predict poor prognosis  in heart failure
	Inflammatory cytokines as markers for monitoring response to therapy in heart failure
	Pro-inflammatory cytokines as predictors for development of heart failure in asymptomatic patients

	Chemokines
	C-reactive protein
	Erythrocyte sedimentation rate
	Use of inflammatory biomarkers in the management  of patients with heart failure
	Summary
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


