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INTRODUCTION
The current standard of  care for patients with chronic 
hepatitis C is the combination treatment with (pegylated) 
interferon plus ribavirin[1,2]. Almost all patients experience 
side effects like fatigue, dyspnea and reduced physical 
activity. However, in many patients, these symptoms 
are not proportional to the decline of  hemoglobin and 
resemble symptoms of  heart failure. 

Cardiotoxicity is assumed to be a rare complication 
of  interferon therapy with few significant life-threatening 
cardiovascular effects reported[3,4]. A small number of  
cases of  suspected interferon-induced cardiomyopathy 
have been documented and in most of  the patients, cardiac 
toxicity was reversible following the cessation of  the drug 
therapy[5]. 

Several studies have shown that plasma levels of  brain 
natriuretic peptide (BNP) and N-terminal proBNP (NT-
proBNP) are reliable diagnostic and prognostic markers 
for cardiac disease[6,7] that correlate with symptoms of  
heart failure and the severity of  systolic and diastolic 
dysfunction[8]. In addition, BNP also predicts death, first 
major cardiovascular events, heart failure and stroke[9]. 

In the present study, we assessed concentrations of  
circulating NT-proBNP in chronic hepatitis C patients 
before and during interferon-based antiviral therapy. Levels 
of  this cardiac peptide were related to clinical, biochemical 
and virologic parameters in these patients.

MATERIALS AND METHODS
Subjects 
The study population comprised of  48 patients (15 females 
and 33 males; mean age: 51 years, range: 33-76 years) with 
chronic hepatitis C virus infection. None of  the patients 
had signs of  heart failure, organic renal disease, thyroid 
disease, diabetes, cancer, or any other major diseases. All 
patients had normal cardiac physical examination and 
normal blood pressure. Thirty one patients were infected 
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Abstract
AIM: To investigate plasma levels of N-terminal pro-
brain natriuretic peptide (NT-proBNP), an established 
marker of cardiac function, in patients with chronic 
hepatitis C during interferon-based antiviral therapy. 

METHODS: Using a sandwich immunoassay, plasma 
levels of NT-proBNP were determined in 48 patients with 
chronic hepatitis C at baseline, wk 24 and 48 during 
antiviral therapy and at wk 72 during follow-up.

RESULTS: Plasma NT-proBNP concentrations were 
significantly increased (P  < 0.05) at wk 24, 48 and 
72 compared to the basel ine values. NT-proBNP 
concentrations at baseline and wk 24 were closely 
correlated (r  = 0.8; P  < 0.001). At wk 24, 7 (14.6%) 
patients had NT-proBNP concentrations above 200 ng/L 
compared to 1 (2%) patient at baseline (P  = 0.059). 
Six of these 7 patients had been treated with high-dose 
IFN-α induction therapy. In multiple regression analysis, 
NT-proBNP was not related to other clinical parameters, 
biochemical parameters of liver disease or virus load and 
response to therapy.

CONCLUSION: Elevated levels of NT-proBNP during 
and after interferon-based antiviral therapy of chronic 
hepatit is C may indicate the presence of cardiac 
dysfunction, which may contribute to the clinical 
symptoms observed in patients during therapy. Plasma 
levels of NT-proBNP may be used as a diagnostic tool 
and for guiding therapy in patients during interferon-
based antiviral therapy.
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with hepatitis C virus genotype 1, 6 with genotype 2, 
10 with genotype 3 and 1 with genotype 4. All patients 
received interferon-based antiviral therapy for 48 wk. 
Sixteen patients received 3 Mio IU IFN-2b three times 
a week plus ribavirin 1000/1200 mg per day; 14 patients 
received 9 Mio IU IFN-2a per day for 2 wk, 6 Mio IU 
per day for 4 wk, 3 Mio IU per day for 6 wk and then 3x3 
Mio IU per week plus ribavirin 1000/1200 mg per day; 11 
patients received 10 Mio IU IFN-2b daily for 2 wk, then 
5 Mio IU for 6 wk, 3 Mio IU for 16 wk and finally 3 Mio 
IU three times a week plus ribavirin 1000/1200 mg per 
day; 3 patients received 1.5 µg/kg PEG-IFN-2b for 4 wk, 
then 0.5 µg/kg plus 1000-1200 mg ribavirin; 2 patients 
received PEG 2a 180 µg plus 1000/1200 mg ribavirin; and 
2 patients received PEG 2b 1.5 µg/kg plus ribavirin 800 
mg daily.

Assays
All blood samples were drawn in the morning after an 
overnight fast. Blood samples for analysis of  plasma NT-
proBNP were collected, centrifuged and plasma was stored 
at -80℃ until analysis. Plasma concentrations of  NT-
proBNP were measured by a sandwich immunoassay on an 
Elecsys 2010 (Roche Diagnostics, Mannheim, Germany). 
Blood samples were taken at baseline, at wk 24 and 48 
during antiviral therapy, and at wk 72, i.e. 24 wk after the 
end of  therapy.

Statistical analysis 
Comparison of  plasma NT-proBNP concentrations at 
baseline and during antiviral therapy and follow-up was 
performed with a Friedman repeated measures analysis of  
variance (ANOVA) on Ranks with an all pairwise multiple 
comparison procedure using the Student-Newman-Keuls 
method. Correlations were performed by the Spearman 
rank order correlation test. Fisher exact test was used 
to compare categorical variables. A multiple regression 
model was used to evaluate the relation between plasma 
NT-proBNP concentrations at baseline, during antiviral 
therapy and follow-up on the one hand and clinical, 
biochemical and virologic parameters on the other hand. 
Values were expressed as Mean ± SE. A P value less than 
0.05 was considered statistically significant.

RESULTS
Plasma NT-proBNP concentrations were significantly 
higher at wk 24 of  therapy (mean 102 ± 18.4 ng/L; median 
44.3 ng/L, range 9.2-696.4; P < 0.05), wk 48 of  therapy 
(mean 89 ± 12.4 ng/L; median 52.4 ng/L, range 5.0-376.4; 
P < 0.05) and remained elevated in the follow-up period 
(mean 83 ± 14.1 ng/L; median 49.0 ng/L, range 5.0-433.3; 
P < 0.05) compared to baseline values before treatment 
(mean 59 ± 9.4 ng/L; median 37.1 ng/L, range 5.0-367.60; 
Figure 1). NT-proBNP concentrations at baseline and wk 
24 were closely correlated (r = 0.8; P < 0.001; Figure 2). At 
wk 24, 7 (14.6%) patients had NT-proBNP concentrations 
above 200 ng/L compared with 1 (2%) patient at baseline 
(P = 0.059). Six of  these 7 patients had received high-
dose of  interferon at the beginning of  the treatment as 
an induction therapy, whereas 1 had received standard 
regimen with pegylated IFN once a week (P = 0.21).

In multiple regression analysis, plasma NT-proBNP 
concentrations before therapy were not related to other 
clinical or biochemical parameters of  liver disease or 
virologic parameters and response to therapy (Table 1). 
However, elevated plasma NT-proBNP concentrations at 
wk 24 of  therapy were predicted by plasma NT-proBNP 
concentrations before therapy (P < 0.01; Table 1). 

DISCUSSION
The present study showed that circulating NT-proBNP 
concentrations increased significantly in patients with 
chronic hepatitis C virus infection during interferon-based 
antiviral therapy with a trend to affect patients more often 
that had received high-dose of  interferon at the beginning 
of  the therapy. This effect persisted during follow-up up 
to 24 wk after the end of  therapy.

The findings of  the present study may have important 
implications for patients with chronic hepatitis C virus 
infection during interferon-based antiviral therapy. 
Most patients complain about fatigue, dyspnea and 
reduced physical capacity during antiviral therapy 
which is frequently discontinued for these reasons. The 
pathogenesis of  these symptoms is not well understood 
and sometimes attributed to the development of  anemia. 
However, it seems possible that these patients experience 
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Figure 1  Plasma NT-proBNP concentrations before treatment, at wk 24 and 48 
of therapy with interferon and ribavirin and at wk 72 of follow-up in patients with 
chronic hepatitis C virus infection (median with 5th/95th percentile; mean as a dotted 
line; Friedman repeated measures ANOVA, Student-Newman-Keuls method).

Figure 2  Correlation between plasma NT-proBNP concentrations before treatment 
and at wk 24 of therapy with interferon and ribavirin in patients with chronic 
hepatitis C virus infection (Spearman rank order correlation test).
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cardiac impairment causing or at least contributing to 
these symptoms. Testing of  NT-proBNP may serve as a 
screening marker for cardiac insufficiency in the differential 
diagnosis of  fatigue and dyspnea and may alleviate 
the decision for further diagnostic testing of  cardiac 
function as it has been described for other groups of  
patients[10-13]. Besides diagnostic consequences, evaluation 
of  NT-proBNP may have therapeutic consequences for 
patients with chronic hepatitis C virus infection during 
antiviral therapy with interferons as well. In patients 
with known congestive heart failure, elevated plasma 
BNP concentrations could be reduced by treatment with 
ACE inhibitors[14], angiotensin II receptor antagonists[15] 
as well as treatment with diuretics and vasodilators[16]. 
As a consequence, plasma NT-proBNP concentrations 
may guide the intensity of  pharmacotherapy as some 
interventional studies have suggested[17,18].

In conclusion, this is probably the first study reporting 
elevated levels of  NT-proBNP during and after interferon-
based antiviral therapy in patients with chronic hepatitis C. 
This may indicate the presence of  cardiac dysfunction and 
explain the clinical symptoms of  patients during therapy 
and the discrepancy between these symptoms and the 
severity of  anemia. Further prospective studies quantifying 
symptoms and correlating these with echocardiographic 
parameters are needed to confirm this association. In 
addition, interventional studies are required whether 
therapy of  cardiac insufficiency can improve the side effect 
profile of  interferon-based therapy in patients treated for 
chronic hepatitis C.
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Table 1  Baseline characteristics of clinical, biochemical and 
virologic variables and their relations to baseline NT-proBNP 
concentrations in multiple regression analysis (mean ± SE)

Variables Value 
(mean ± SE)

Regression
coefficient

Standard
error P

Age (yr)    51 ± 1.6       -0.03     0.8 0.96
Body weight (kg) 76.5 ± 1.9      0.2     0.7 0.76
ALT (U/L)    59 ± 5.9      0.3       0.34 0.35
AST (U/L)    31 ± 2.9    -0.3       0.84 0.67
γ-GT (U/L)    41 ± 6.1      -0.01     0.2 0.95
Bilirubin (mg/dL)     0.7 ± 0.04 77 105.7 0.47
γ-globulins (mg/dL)     1.5 ± 0.07      2.4   17.7 0.89
Prothrombin time (%)    95 ± 1.5      0.7     1.0 0.51
Albumin (g/L)     4.8 ± 0.04     -9.1   33.2 0.78
Cholinesterase (kU/L)     6.1 ± 0.23     -1.4     6.1 0.81
Baseline HCV RNA 
(copies/mL)

4 705 302 ± 984 817 0.02 × 10-5  0.2 × 10-5 0.31

log  decline of HCV 
RNA (baseline wk 12)

    2.7 ± 0.12    -5.9   16.0 0.71
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