
Inflammatory Biomarkers in HF

Biykem Bozkurt, MD, PhD, Baylor College of Medicine, 
Houston, Texas, USA, discussed the prognostic role of 
inflammatory biomarkers in heart failure (HF), their 
effect on left ventricular (LV) function and remodeling, 
and treatment strategies targeting inflammation in HF. 
Numerous studies have documented elevated cytokines 
in patients with symptomatic HF. Studies have found an 
association between increased C-reactive protein (CRP), 
tumor necrosis factor-alpha (TNFa), and interleukin-6 
levels, and poor survival in HF. 

Cytokines in Heart Failure

Inflammatory mediators, which are activated following 
myocardial injury, correlate with disease severity and 
prognosis, and continue to exert deleterious effects on the 
heart. Possible sources of cytokines in HF include immune 
activation, myocardial biosynthesis, hypoperfusion of 
metabolic tissue, and altered distribution, degradation, and 
clearance. TNFa can be synthesized in the myocardium; 
adult cardiac myocytes express TNF following hemodynamic 
overload or stretch but not in normal hemodynamic loading 
conditions. TNFa is associated with reduced LV fractional 
shortening [Bozkurt B et al. Circulation 1998].

Soluble toll-like receptor-2 (ST2) is an interleukin-1 
released by stretched myocytes. Serum ST2 levels 
significantly increase after acute myocardial infarction and 
inversely correlate with ejection fraction (EF). In patients 
with chronic HF, serum ST2 levels are associated with 
adverse outcomes [Rehman SU et al. J Am Coll Cardiol 
2008]. Plasma levels of myeloperoxidase, an indirect marker 
of oxidative stress denoting leukocyte activation, correlate 
with HF severity and are an independent predictor of HF 
death [Tang WH et al. Am J Cardiol 2006]. 

Therapeutic Approaches 

Targeting inflammation in HF patients has met with little 
success. An early small study demonstrated a significant 
increase in EF with prednisone treatment in patients with 
dilated cardiomyopathy (DCM) [Parrillo JE et al. N Engl J 
Med 1989]. Patients with active inflammation had a better 
response than nonreactive patients. Sliwa and colleagues 
[Circulation 2004] reported that DCM patients treated 
with pentoxifylline had significant improvements in EF 
and marked reductions in TNFa, CRP, and N-terminal 
prohormone of brain natriuretic peptide. 

Following these studies, there was an intensive effort to 
develop targeted anticytokine therapy, especially targeting 

TNF. In the RENEWAL study, 900 patients with HF were 
randomly assigned to treatment with etanercept or 
placebo. The investigators found no difference in event-
free survival after 96 weeks of treatment and speculated 
that targeting one cytokine might be too selective [Mann 
DL et al. Circulation 2004].

Treatment with beta-blockers significantly improves the 
cytokine profile in HF patients. Ohtsuka and colleagues 
[J Am Coll Cardiol 2001] demonstrated marked 
decreases in TNFa after beta-blocker treatment. Sola 
and colleagues [J Am Coll Cardiol 2006] reported marked 
reductions in TNFR2 levels after statin treatment in 
DCM patients (Figure 1). 

Figure 1. Effect of Statin on Inflammatory Cytokines in 
Dilated Cardiomyopathy Patients.

Reproduced with permission from the American College of Cardiology. Salo S et al. Atorvastatin 
Improves Left Ventricular Systolic Function and Serum Markers of Inflammation in Nonischemic 
Heart Failure. J Am Coll Cardiol, Jan 17 2006;47(2):332.

Most inflammatory biomarkers are implicated in the 
pathogenesis of HF. Circulating levels correlate with HF 
severity and prognosis. The question remains as to whether 
inflammation should be targeted. Large-scale clinical trials 
have failed to demonstrate that treating inflammation 
improves clinical outcomes.

Cardiac Troponin and Heart Failure

Patients with chronic heart failure (CHF) and dilated 
cardiomyopathy (DCM) who have low cardiac troponin 
T (TnT) levels have significantly fewer cardiovascular 
(CV) events than those with high TnT [Sato Y et al. Heart 
1997; Sato Y et al. Circulation 2001]. CHF patients with 
high troponin and high brain natriuretic peptide (BNP) 
levels have the highest event rates [Taniguchi R et al.  
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Circ J 2004; Tanaguchi R et al. Heart Vessels 2006]. Yukihito 
Sato, MD, Amagasaki Hospital, Hyogo, Japan, discussed 
the association between TnT and prognosis in patients 
with HF.

High-sensitivity TnT (hs-TnT) assays accurately measure 
very low TnT concentrations. The Val-HeFT study found an 
association between high levels of hs-TnT and HF mortality 
and hospitalizations [Latini R et al. Circulation 2007]. 

In patients with acute decompensated HF, those with  
the highest baseline TnT or troponin I (TnI) had the 
highest risk of in-hospital mortality [Peacock WF 4th et 
al. N Engl J Med 2008]. Dr. Sato showed that elevated 
baseline hs-TnI in patients with acute HF was associated 
with a higher rate of cardiac events (p<0.05) [Kuwabara 
Y et al. Circ J 2007]. In another study, acute HF patients 
with elevated serial hs-TnI had the highest rate of cardiac 
events versus those with low serial hs-TnI [Xue Y et al.  
Eur J Heart Fail 2011].

Hs-TnT has been detected in 80% of patients with essential 
hypertension [Sato Y et al. J Cardiol 2011] and in 66% of 
community-dwelling older adults [deFilippi CR et al. JAMA 
2010]. The baseline concentration of hs-TnT and a >50% 
increase in hs-TnT at follow-up in the community-dwelling 
population were predictors of adverse CV events.

Concentrations of hs-TnT increase with the severity 
of heart disease, from hypertension to CHF to acute 
HF (Figure 1). Dr. Sato concluded that baseline TnT 
concentration and elevated serial TnT concentrations 
at follow-up are prognostic markers in patients with HF. 
Combined measurements of TnT and BNP can identify 
patients at highest risk of adverse cardiac events. Patients 
with the highest hs-TnT concentrations have the highest 
risk of adverse cardiac events. 

Figure 1. Concentrations of hs-TnT in Hypertension, 
CHF, and Acute HF.

CHF=chronic heart failure; HF=heart failure; hs-TnT=high-sensitivity troponin T.
Reproduced with permission from Y. Sato, MD.

Risk Prediction in Chronic Heart Failure

Studies have suggested using a panel of biomarkers that 
measure diverse biological processes as a prognostic 
tool for heart failure (HF). Thomas P. Cappola, MD, ScM, 
University of Pennsylvania, Philadelphia, Pennsylvania, 
USA, presented the Penn Heart Failure Study based on the 
hypothesis that multiple biomarkers considered together 
are superior to clinical risk stratification in patients with 
chronic HF [Ky B et al. Circ Heart Fail 2012]. The aim of 
the study was to derive a biomarker score in ambulatory 
HF patients that predicts time to transplant, left ventricular 
assist device (LVAD), or death and to compare its 
performance to the Seattle Heart Failure Model (SHFM).

A total of 1513 patients with HF were evaluated with 
biomarker analysis on banked serum, plasma, and DNA; 
2D echocardiogram; and detailed clinical covariates 
(SHFM). Eight candidate biomarkers that measure 
distinct biological processes and are individually 
associated with adverse outcomes were evaluated  
using high-quality assays: troponin I (TnI) for myocyte 
injury, creatinine for renal function, soluble toll-like 
receptor-2 (ST2) for myocyte stress, soluble fms-
like tyrosine kinase receptor-1 (sFlt-1) for vascular 
remodeling, B-type natriuretic peptide (BNP) for 
neurohormones, myeloperoxidase and uric acid for 
oxidative stress, and high-sensitivity C-reactive protein 
(hsCRP) for inflammation. 

At a median 2.5 years follow-up, 317 events had been 
reported, including 31 LVADs, 99 transplants, and 187 
deaths. After biomarker evaluation using multiple 
methods, 7 markers remained in the multimarker score: 
BNP, sFlt-1, hsCRP, ST2, TnI, uric acid, and creatinine. 
The multimarker score was a strong predictor of adverse 
outcomes. The hazard ratio for adverse outcomes was 4.7 
in patients with a moderate multimarker score and 15 in 
patients with a high multimarker score. The multimarker 
score was a stronger predictor of adverse outcomes 
than the SHFM score (AUC, 0.798; 95% CI, 0.763 to 0.833; 
p<0.01). Adding the multimarker score to the SHFM 
led to a significantly improved AUC of 0.803 (95% CI, 
0.769 to 0.837; p<0.01). After SHFM risk stratification, 
the multimarker score improved risk assignment in 20%  
of patients (95% CI, 4.8% to 35.1%; p=0.01). 

The derived multimarker score comprised of 7 biomarkers 
is an accurate predictor of adverse outcomes and has 
improved predictive accuracy compared to a clinical risk 
score. The same results were obtained using multiple 
analytic approaches. Broader screens using unbiased 
technologies are needed, as are clinical trials to prove the 
utility of biomarkers for risk prediction.
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