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Summary: Objectives: Interleukin 6 plays an important role in chronic heart failure (HF), but little is known about its in-
volvement in acute decompensated heart failure (ADHF). The aim of our study is to evaluate the prognostic role of inter-
leukin 6 (IL-6) in the patients with ADHF. Methods: Plasma levels of interleukin IL-6, N-terminal pro brain natriuretic
peptide levels, and clinical covariates were measured in 92 patients with ADHF. Survival was followed up to 12 months,
and prognostic factors were evaluated. Results: Elevated plasma IL-6 levels were increased in nonsurvivors and were as-
sociated with 1-year mortality (p<0.01). Plasma IL-6 levels were associated with plasma NT-proBNP levels. In multivari-
ate analysis, increased plasma IL-6 and NT-proBNP levels remained strong independent predictors of 1-year mortality.
Conclusions: Plasma IL-6 levels provide important prognostic information in the patients with ADHF. Measurement com-
bining plasma IL-6 and NT-proBNP should serve as a powerful prognostic tool of multimarker strategy in patients with

acute decompensated heart failure.
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Interleukin 6 (IL-6) is a pleitropic cytokine with a broad
range of humoral and cellular immune effects. IL-6 is pro-
duced in response to infection, IL-1, interferon gamma, and
TNFo. IL-6 has a plasma half-life less than 6 hours (2,11).
IL-6 is a central mediator of the acute phase response and
primary determinant of hepatic production of C-reactive
protein (6, 10). The data about interleukin 6 and its role
in chronic heart failure are already known (1). The IL-6
spillover in peripheral circulation increases with the severi-
ty of chronic congestive heart failure, and the increase of
IL-6 is mainly associated with the activation of the sympa-
thetic nervous system (15). High plasma IL-6 levels can
provide prognostic information in patients with chronic
congestive heart failure (CHF), independently of left ven-
tricular function and plasma norpepinephrine, suggesting
important role for IL-6 in the pathophysiology of CHF
(14). High plasma IL-6 levels are associated with increased
mortality. Increased plasma IL-6 level may contribute to di-
sease progression, and be associated with enhanced morta-
lity in patients with chronic heart failure (2, 10).

IL-6 plays an important role in chronic heart failure
(HF) (3.8), but little is known about its involvement in acute
decompensated heart failure (ADHF).
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The aim of our study is to evaluate the prognostic role
of interleukin 6 in the patients with ADHF.

Materials and Methods

Patients and controls

A group of 92 consecutive patients aged between 22 to
85 years with acute decompensated heart failure were en-
rolled into the prospective observational study (Table 1).
The patients presenting acute myocardial infarction
(ESC/ACC criteria for the diagnosis of AMI were used),
sepsis, serious lung disease, cancer, renal failure, and volu-
me overload caused by serious renal and liver disease were
excluded. The causes of heart failure were mainly coronary
artery disease (82 %), 11 patients had dilated cardiomyo-
pathy and 13 hypertension cases.

26 age- and sex-matched blood donors served as a con-
trol group. All of them were nonobese, normotensive, and
free from acute diseases, and they all denied the use of any
medication during the 4 weeks before the study. They all
had normal plasma values for main plasma indices, non-
pathologic erythrocyte and leukocyte counts, and normal
urine analysis. All control subjects completed cardiologic
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examination, including electrocardiogram and echocardio-
graphic investigation was performed. In the subjects > 50
years of age, bicycle ergometry was performed to exclude
asymptomatic heart disease.

Blood samples to measure NT-proBNP and IL-6 were
obtained by venipuncture at the time of admission. Blood
samples were collected into chilled tubes containing

EDTA, immediately placed on ice, and promptly centri-
fuged (2700 g at 4 °C for 10 minutes). After that plasma was
decanted and stored in -20 °C until assayed. Plasma IL-6 le-
vels were measured using the Human IL-6 Immunoassay
(Quantikine HS, R&D Systems) and NT- proBNP was
measured using the commercially available immunoassay
based on sandwich technique (Elecsys pro BNP, Roche

Tab 1: Demographics and clinical characteristics study populations.

Controls Patients Survivors Deceased
(n 26) (n 92) (n=59) (n=33)
Age, xtSD 58.74 £ 16.75 66.3+14 65+ 16 68.5+6.4
Age>60, n (%) 18 (69) 69 (75) 42 (71) 27 (81)
Female, n (%) 9(34) 27 (29) 18 (30) 9(29)
BMI, x+SD 26.842.2 27.5+2.8 28.242.2 26.4%2.1
Current smoker, n (%) 0 34 (37) 25 (42) 9 (28)
Diabetes, n (%) 0 41 (49) 27 (45) 14 (43)
Arterial hypertension, n (%) 0 13 (14) 8 (13) 5(15)
Coronary artery disease, n (%) 0 75 (82) 50 (80) 25 (78)
Prior myocardial infarction, n (%) 0 50 (54) 35(58) 15 (45)
Dilated cardiomypathy 0 11 (12) 5(8) 6 (18)
Atrial fibrillation, n (%) 0 26 (28) 18 (30) 8 (25)
Heart rate (bpm), xtSD 7619 122421 119£18 124422
Systolic BP (mmHg), xtSD 128+12 138+23 142+16 133£19
Diastolic BP (mm/Hg), xxSD 75%7 89+18 95+8 8619
Ejection fraction % 63.65+5.1 34.3+14*" 35+ 14 31.8 £ 12.9
IL-6 (pg/mL) 24+ 1.5 30.1+ 22.28* 26+ 16 37.9 +£23.6"
NT-proBNP (pg/mL), median, 78 6 277%* 3 811 10 985*
interquartile range (54-110) (2 639-11 562) (2 566-6 377) (8 861-19 846)
Creatinine (umol/L) 86.2 + 11.6 144.8+44.2* 126.2+18 155217
*p< 0.01 vs. controls; **p< 0.001 vs. controls; *p< 0.01 vs. survivors; **p< 0.001 vs. survivors
Tab 2: Clinical characteristics of study population according to quartiles of IL-6.
All Ql Q2 Q3 Q4 Ptrend
patients (2.7-10.48) | (10.48-27.9) (27.9-56) (56-68.7)
Age, xtSD 66.3+14 71.3%£13 62.2+16.7 64.7+11.9 66.9+12
Age>60, n (%) 69 (75) 21 (91) 14 (60) 15 (65) 19 (82)
Female, n (%) 27 (29) 9(39) 6 (26) 3(3) 9(39)
BMI, x+SD 27.542.8 28.1£2.8 26.313.1 27.312.6 25.6%3.1
Current smoker, n (%) 34 (37) 8 (34) 11 (47) 9(39) 6 (26)
Diabetes, n (%) 41 (44) 12 (52) 8 (34) 9(39) 12 (52)
Arterial hypertension, n (%) 13 (14) 4 (17) 4 (17) 3(13) 2(8)
Coronary artery disease, n (%) 75 (82) 19 (82) 17 (73) 19 (82) 20 (87)
Prior M1, n (%) 50 (54) 12 (52) 9(29) 15 (65) 14 (60)
Dilated cardiomypathy 11 (12) 4 (17) 3(13) 1(4) 4 (17)
Heart rate (bpm), xxSD 122 £ 21 135+ 22 115 £ 26 125+ 23 136 + 21
Systolic BP (mmHg), x+SD 138 £ 23 140 + 28 145 + 30 132+ 18 139 + 23
Diastolic BP (mm/Hg), xtSD 89 + 18 92+ 15 89 + 21 94+9 91+ 14
Atrial fibrillation, n (%) 26 (28) 8 (34) 5(21) 5(21) 8 (34)
Ejection fraction (%) 343+ 14 37.3+13.6 30.3+14.3 32.6 + 13.6 36.5+ 14
NT-proBNP (pg/mL) median 6 277 2882 6164 10284 10895
(interquartal range) (2 639-11 562)| (1746-4638) | (2022-8755) [(4955-26360)|(6380-27760) | 0.001
Creatine (umol/L) 144.8 +44.2 140.3 + 42 131.2 + 36 148.5 + 54.9 159 + 36
1-year survival n (%) 59 (69) 19 (83) 16 (69) 14 (61) 10 (43) 0.01
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Diagnostics). The analytical range extended from 20 to
35 000 pg/mL.

Echocardiography was performed according to the gui-
delines of the American Society of Echocardiography with-
in two hours from the admission.

The data on history, physical examination, echocardio-
graphy, laboratory findings, and 28-day follow-up period
were prospectively collected for all patients. One-year mor-
tality data were obtained from the registry of our hospital
and from the physicians of the patients.

All subjects have given their informed consent. The stu-
dy protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki, and has been approved by The
Ethical Committee of our institution.

Statistical analysis

Statistical evaluation was performed with Statistica 5
software. All values are expressed as mean + SD; the me-
dian and range of values are also provided for data with
nonnormal distribution. For quantitative data, statistical
comparisons were performed using unpaired t tests for nor-
mal distributions, and the Wilcoxon test for nonnormal
distributions. For qualitative data, x> test was used. The
correlations between procedural variables and plasma le-
vels were performed using linear regression analysis and
Spearman correlation tests. Survival curves were generated
by the means of Kaplan-Meier estimates. To evaluate mor-
tality data, relative risks and 95 percent confidence inter-
vals were calculated as hazard ratios derived from the Cox
proportional model. Multiple regression analysis were fitted
with the use the clinical covariates. A p value < 0.05 was
considered significant.

Results

Clinical characteristics of study population

As shown in Table 1, the main cause of heart failure was
coronary artery disease (82 %).

There was no medication in the control group. Pharma-
cological treatment of ADHF patients consisted of diuretics
in all patients, iv. nitrates in 26 (28 %) pts, and catecholami-
nes were used in 9 (10 %) patients. Pre-discharge medica-
tion consisted of betablockers in 54 (58 %) patients,
angiotensin-converting enzyme inhibitor/angiotensin recep-
tor blockers in 59 (61 %) patients. Mechanical ventilation
was used in 12 (13 %) patients and non-invasive ventilation
in 4 (5 %) patients. Aspirin was used in 75 (82 %) patients
with coronary artery disease and statins were used in pati-
ents with hyperlipidemia.

Plasma IL-6, NT-proBNP levels and clinical characteristics
in patients with ADHF

Plasma IL-6 levels were significantly elevated in the pa-

tients with ADHF when compared with healthy controls

(30.4 £ 22 pg/mL vs. 2.4 = 1.5 p < 0.01). The median NT-

proBNP level for all patients was significantly elevated (6

277 pg/mL; interquartile range, 2 639 to 11 562 vs. controls
78 pg/mL; interquartile range, 54 to 110; p < 0.0001). Left
ventricle ejection fraction was significantly decreased (34.3
+ 14 % vs. 63.65 £ 5.1 %, p <0.001).

Significant positive correlation existed between plasma
IL-6 and NT-proBNP levels (r = 0.51, p <0.01, n = 92). The
analysis of echocardiography data revealed no significant
association between left ventricle ejection fraction (r =-0.09,
n=92).

Relationship between plasma IL-6 level and mortality

During 1-year follow-up, 33 of 92 patients (35 %) died.
Baseline characteristics associated with one-year mortality
are shown in Table 1. The baseline plasma levels of 1L-6
and NT-proBNP were significantly higher in the group of
the patients who died during the follow-up, whereas age,
gender, diabetes, and ejection fraction were not significant-
ly different in survivors and nonsurvivors.

In order to assess the predictive value of IL-6 in plasma,
the patients were divided into subgroups according to quar-
tiles of IL-6. We analyzed clinical variables and mortality
rates across the quartiles of IL-6 (Table 2). Patients with
IL-6 in the upper quartile have had significantly higher
plasma NT-proBNP and plasma creatinine level. Mortality
rates were increasing across the IL-6 quartiles.

Kaplan-Meier estimates of survival for all subjects ac-
cording to quartiles of IL-6 are shown in Figure 1.

Univariate Cox analysis showed that NT-proBNP and
IL-6 were significant univariate predictors of mortality.
After entering both of these parameters into a multivariate
proportional model that included age, sex, creatinine level,
ejection fraction, diabetes, smoking, hyperlipidemia, they
remained significant independent predictors of mortality
(NT-proBNP: p = 0.001; IL-6: p = 0.02).

Survival (%)
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Fig. 1: Overall survival among the patients with acute de-
compensated heart failure, according to quartiles of IL-6.
The IL-6 levels were as follows: first quartile, less than
10.48 pg/mL; second quartile, 10.48 to 27.9 pg/mL; third
quartile, 27.9 to 56 pg/mL; and the fourth quartile, more
than 56 pg/mL. P < 0.01 by the log rank test for the overall
comparison among the groups.
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Discussion

This pilot study demonstrates that the increase of IL-6
level in patients with acute decompensated heart failure is
associated with NT-proBNP levels and provides prognostic
information on mortality from all causes.

Plasma NT-proBNP levels were analyzed in a high
number of studies underlying the prognostic importance of
NT-proBNP assessment in patients with chronic congestive
and acute heart failure (4, 5, 7).

The assessment of natriuretic peptides has become
a good standard for risk stratification and prognosis assess-
ment in patients with acute and chronic heart failure (13,
14). Little is known about the association of NT-proBNP
with cytokines.

Current data support the theory of the contributory role
of cytokines (IL-6) in chronic and acute heart failure (14).
Prognostic significance of increased IL-6 levels has been
shown in large multicenter studies, but only a few studies
focus on IL-6 in acute heart failure.

These studies showed association between increased
proinflammatory cytokine levels and increased mortality
(4, 12).

In our study, we demonstrate the prognostic signifi-
cance of increased plasma IL-6 level. This statement is sup-
ported by the following facts: first, the baseline levels of
IL-6 were significantly higher in nonsurvivors than in sur-
vivors; second, Kaplan-Meier analyses showed that patients’
survival decreased as a function of increasing levels of
interleukin 6; third, multivariate Cox proportional model
showed that circulating IL-6 level was the significant inde-
pendent predictor of mortality.

Our study demonstrates the association between plasma
IL-6 and NT-proBNP levels. Plasma NT-proBNP levels were
also significantly increased in nonsurvivors compared to
survivors. Also, Cox regression model showed that plasma
NT-proBNP level remained the independent prognostic fac-
tor.

Association between interleukin 6 and NT-proBNP were
demonstrated by the linear regression analysis, correlation
coefficient and increasing value of NT-proBNP in IL-6
quartiles.

Corresponding author:

Conclusions

Plasma interleukin 6 levels provide novel and prognostic
information in the patients with ADHF. Combining measu-
rements of interleukin 6 and NT-proBNP seem to be a pro-
mising tool in the prognostic assessment of these patients.
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