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ABSTRACT

Purpose: Knowledge about the role of inflammation in the pathogenesis of arrhythmias in children is limited. Several studies 
have suggested a relationship between plasma IL-6 levels and/or the -174G>C IL-6 gene polymorphism and atrial fibrillation 
in adults. Our present study was performed to investigate whether serum IL-6, -174G>C IL-6 polymorphism and C-reactive 
protein (CRP) are associated with arrhythmias of unknown origin in children.  
Methods: The study included 126 children diagnosed with supraventricular or ventricular arrhythmia. Patients with congenital 
heart defects as well as arrhythmias of known origin were excluded from the study. The control group comprised 37 healthy 
children. The 24 hour Holter electrocardiography monitoring was performed. Serum IL-6, –174 GC IL-6 polymorphism and 
CRP concentrations were measured on admission. 
Results: There were no differences in IL-6, CRP and –174 G>C IL-6 genotype distribution between the control and patient groups. 
No significant differences in IL-6, CRP and –174 G>C IL-6 genotypes were observed between children with supraventricular or 
ventricular arrhythmias. The severity of arrhythmias showed also no associations with IL-6, CRP or –174 G>C IL-6 genotypes. 
Conclusion: The results suggest that idiopathic cardiac arrhythmias of unknown origin in children are not associated 
with selected pro-inflammatory markers of infections i.e. elevated IL-6, CRP or –174 G>C IL-6 polymorphism. This new 
information can effectively reduce the total financial cost of unnecessary diagnosis and treatment of children affected by 
cardiac arrhythmias.
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INTRODUCTION

Interleukin-6 (IL-6) and C-reactive protein (CRP), largely 
regulated by IL-6 production, are both implicated in the 
pathogenesis of cardiovascular disorders. The IL-6 –174 G>C 
promoter polymorphism has been shown to be associated 
with serum IL-6 and/or CRP levels, however, data on these 
links are inconsistent [1-3]. Moreover, there is growing 
evidence suggesting the involvement of the IL-6 –174 

G>C promoter polymorphism in various cardiovascular 
disorders, including acute coronary syndrome, arterial 
hypertension and atherosclerotic vascular disease [4-6]. 
It has been demonstrated, that IL-6 -174 GG genotype is 
an independent predictor of cardiovascular death after an 
acute coronary syndrome [7-8], while other studies failed 
to confirm this association [9]. Recently, a number of 
studies have demonstrated an increased prevalence of atrial 
fibrillation (AF) in adult subjects with elevated levels of IL-6 
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onset of arrhythmia, known genetic or familial background 
of arrhythmias, as well as, systemic disease (muscular 
dystrophy, juvenile rheumatoid arthritis, glycogen storage 
diseases, thyroid abnormalities). Children were excluded 
from the study if they had acute infection, diabetes, elevated 
blood pressure, electrolyte imbalance or were taking any 
medications on a regular basis. The control group comprised 
of 37 (21 M, 16 F) healthy children matched for age, sex and 
body mass index (BMI), recruited at the same time in the 
same centre.

The Ethical Committee of the Medical University of 
Silesia in Katowice approved the study (Ref No. KNW-
06501-25/I/08), and written, informed consent was obtained 
from parent and each patient aged 14 years or more.

The diagnosis of arrhythmia was established using the 
Reynolds Holter 24 hours monitoring system. Based on the 
type of arrhythmia the study group was divided into two 
subgroups.

The first subgroup consisted of patients with ventricular 
arrhythmias (single ventricular extrasystoles, incidents 
of couplets, triplets, ventricular tachycardia, ventricular 
flutter or fibrillation) while the second group included 
supraventricular arrhythmias (supraventricular extrasystoles, 
supraventricular tachycardia and atrial flutter or AF). The 
study group was also divided based on the number of cardiac 
arrhythmias found in 24 hours Holter monitoring: less than 
1000/24 hours, 1-10,000/24 hours, and more than 10,000/24 
hours. We also created a separate subgroup for atrial or 
ventricular tachycardia.

We performed transthoracic echocardiography using a 
Philips 7500 machine with 3-7MHz transducers to exclude 
congenital heart defects.

High-sensitivity CRP was measured by an 
immunoturbidimetric assay (Dade Behring Marburg 
GmbH, Marburg, Germany). A commercially available 
immunoenzymatic assay (R&D Systems, Minneapolis, 
USA) was used to determine serum IL-6 levels. The minimal 
detectable IL-6 concentration was 0.03 pg/ml. All the 
measurements were performed by technicians blinded to the 
origin of the samples. Intra-assay and inter-assay coefficients 
of variation for all laboratory variables were <7%.

DNA extraction and genotyping
DNA was extracted from whole blood or a buffy coat according 
to the manufacturer’s protocol using the GenElute™ Blood 
Genomic DNA Kit (Sigma-Aldrich) and stored at -20oC until 
analysis. Polymorphism in the promoter of the IL-6 encoding 
gene IL-6, -174G>C (rs1800795) was determined by using 
TaqMan SNP genotyping technique on an ABI PRISM® 
7900HT Fast Real–Time PCR System (Applied Biosystems).

Statistical analysis
The data were expressed as the mean ± SD or median 
(interquartile range). The Shapiro-Wilk test was used to 

and/or CRP [10-14]. Data on the associations between these 
inflammatory markers and other types of arrhythmia are 
sparse. Inflammatory state is associated with a future risk of 
AF, which has led to the hypothesis that atrial arrhythmias 
may result in intracardiac sequestration of inflammatory 
cytokines in the heart [15]. The study by Li et al. [16] showed 
that patients with AF had elevated levels of hs-CRP and 
IL-6. Increased plasma IL-6 and CRP levels may be an 
independent predictor of stroke in AF patients. In contrast 
to adults, AF occurs incidentally in children, and a potential 
role of inflammatory factors and their genetic determinants in 
arrhythmias in children has not been studied in a larger group 
of patients. There have been reports showing links between 
cardiac arrhythmias in children, mainly neonates, and 
viral infections, including acute Coxsackie B2 myocarditis 
[17], influenza B virus infection [18], varicella [19], as well 
as enterovirus and influenza A myocarditis [20], usually 
complicated by cardiac dysfunction. Arrhythmia, due to 
viral infection, may be responsible in some cases for sudden 
infant death syndrome (SIDS), when viral and bacterial 
toxins induce cytokine activity [21]. In consequence, 
uncontrolled inflammatory mediators could be involved in 
some individuals with this disorder. In infants, arrhythmias 
may be also secondary to respiratory syncytial virus (RSV) 
infections, particularly when pericarditis or myocarditis is 
observed [22]. Generally, each infection of the heart might be 
associated with cardiac complications secondary to viremia 
and generate cardiac arrhythmias [23-25]. It is unknown 
which factor may trigger cardiac arrhythmias in older 
children after excluding obvious cardiac defects and other 
detectable pathologies. Kowalewski et al. [26] evaluated IL-
6, tumour necrosis factor-alpha and cardiac troponin I (cTnI) 
in young patients with ventricular arrhythmias and noted 
elevated levels of proinflammatory cytokines, suggesting 
inflammatory background of ventricular arrhythmias in 
young people.

We hypothesized, that elevated IL-6 and its –174G>C 
promoter polymorphism are involved in cardiac arrhythmias 
in individuals aged 16 years or less. The aim of the present 
study was to assess potential relationships between IL-6, 
CRP and IL-6 –174 G>C polymorphism in a large group 
of consecutive arrhythmic children not presenting with any 
signs or symptoms of acute infection.

MATERIALS AND METHODS

We enrolled 126 consecutive patients (66 M, 60 F) aged <18 
years referred to the Department of Paediatric Cardiology 
between January 2008 and December 2009, due to first-
ever cardiac arrhythmias. The exclusion criteria included 
congenital heart defects (for example Ebstein’s anomaly, 
right atrial isomerism, abnormalities in atrioventricular 
connections), surgery or invasive intervention preceding the 
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assess conformity with a normal distribution. Qualitative data 
were compared by the Pearson’s chi-square test or two-tailed 
Fisher’s exact test, as appropriate. Variables with non-normal 
distributions were analysed by the Mann-Whitney U-test and 
presented as the median (IQR). Likewise, for correlations, 
a Spearman’s rank correlation coefficient was calculated. A 
p-value <0.05 was considered statistically significant.

RESULTS

The final analysis included 126 children diagnosed with 
supraventricular (SV subgroup, n=63) or ventricular 
(V subgroup, n=63) arrhythmias. Transthoracic 
echocardiography showed normal cardiac anatomy and 
function in all the study participants.

Characteristics of the patient and control groups are 
summarized in Tab. 1. No differences were observed between 
both subgroups (SV versus V) with regard to age (P=0.08), 
sex (P=0.86) or BMI (P=0.39) and no patients demonstrated 
symptoms of acute infection confirmed in the clinical as well 
as laboratory investigations.

Also, serum IL-6 and CRP levels did not differ between 
the two subgroups (P=0.25, P=0.52), as well as, there were 
no correlations between either IL-6 or CRP and age, sex, 
BMI or time from the onset of arrhythmia in the SV versus V 
subgroups (data not shown).

Genotypes of the –174 G>C IL-6 polymorphism were 
obtained in all the study participants, except for a single 
control subject. Genotype distributions of –174 G>C IL-6 
polymorphism were in Hardy-Weinberg equilibrium in all 
the study subgroups (supraventricular arrhythmia, P=0.99; 
ventricular arrhythmia, P=0.91; controls, P=0.79). No 
significant pairwise differences in the distribution of the –174 
G>C Il-6 polymorphism were observed between the study 
subgroups in any genetic model (Tab. 1). Furthermore, the 
IL-6 –174G>C polymorphism was not significantly associated 
with IL-6 or CRP levels in any of the study subgroups (data 
not shown).

The consecutive analysis focused on the categories 
of intensity of arrhythmias (Tab. 2). The most frequent 
extrasystoles were 1000-10 000/24 hours (noted in 37 patients), 
while the least common–fewer than 1000/24h (appeared in 22 
cases). The intensity of arrhythmia showed no associations 
with age (P=0.27), sex (P=0.66) or BMI (P=0.70) in any study 
group. Concentrations of IL-6 did not differ between groups 
of various degree of the intensity of arrhythmias (P=0.73). 
Genotypes of the –174 G>C IL-6 polymorphism were 
similarly distributed in all the arrhythmia intensity categories 
(P=0.99). This also held true for CRP levels (P=0.34).

DISCUSSION

To the best of our knowledge, the current study is the largest 
analysis of school-age children with cardiac arrhythmias 
of unknown origin in the context of IL-6-mediated 
inflammatory pathways and genetic determinants. We 
have here demonstrated that children with supraventricular 
or ventricular arrhythmias, aged 8-16 years, free of any 
chronic known cardiac disorders or systemic diseases, did 
not have increased IL-6 or CRP as compared with well-
matched controls. Moreover, our findings clearly indicate 
that the -174G>C IL-6 polymorphism does not represent 
the genetic background of cardiac arrhythmias in such a 
patient population and does not appear to affect circulating 
IL-6 concentrations. Our findings also show that systemic 
inflammatory state driven by IL-6 does not contribute to 
the occurrence of cardiac arrhythmias in children aged 
8-16 years. Given the fact that these inflammatory markers 
showed correlations with the risk of AF [12-16], it seems 
likely that in children with other arrhythmias, usually 
transient, short-lived, first-ever episodes, the impact of IL-
6-mediated inflammatory response and its genetic modulator 
is negligible. However, we cannot exclude that the role of 
this cytokine is more pronounced in children with chronic or 
acute diseases known to enhance IL-6 synthesis, for example 
autoimmune diseases.

In children, cardiac arrhythmias are infrequent and most 
of the cases are recognized to be triggered by unknown 
causes. A low prevalence of cardiac arrhythmias in children 
contributes to the fact that our understanding of their etiology 
and pathogenesis is limited. The condition may occur in all 
age groups, including the fetus and neonates [17,19].

Beaufort-Krol et al. [27] studied the natural history of 
premature ventricular beats in children without cardiac 
structural abnormalities but affected by right or left bundle 
branch block. The authors found differences between 
arrhythmias originating from the right or left ventricle. 
This interesting report suggests that some arrhythmias may 
disappear spontaneously during childhood, especially those 
that originate from the right ventricle in contrast to the left.

To our knowledge, the involvement of the two inflammatory 
factors, namely IL-6 and CRP, in the pathogenesis of cardiac 
arrhythmias has been systematically investigated in children. 
For this reason, the current, though negative, study increases 
our knowledge on the pathophysiology of cardiac arrhythmias 
in children, suggesting that non-inflammatory mechanisms, 
yet to be determined, are likely to play a major role.

Ectopic atrial arrhythmias in children may result in left 
ventricular dysfunction. Wang et al. [28] pointed out that 
arrhythmias in children might vary from those in adults 
because of immature myocardium, as well as different 
electrophysiological characteristics of the conduction system 
in the pediatric population. In the study group, involving 
24 children with arrhythmia, we observed 4 cases with 
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symptoms of prodromal airway infection and the spontaneous 
remission of arrhythmias was noted in 75% of the children. 
However, in the study by Wang and coauthors, inflammatory 
markers were not measured [28].

Our study addressed the issue of plausible differences 
in IL-6 and CRP along with –174 IL-6 polymorphism in 
pediatric patients with supraventricular versus ventricular 
arrhythmias. This study is the first to demonstrate that 
none of these factors differentiate children suffering from 
supraventricular versus ventricular arrhythmias when there 
were no AF cases and infections or inflammatory chronic 
diseases were excluded. It might be concluded that Il-6 and 
its polymorphism studied are similar regardless of the type of 
cardiac arrhythmias in children.

The study by Lefkou et al. [29] indicated that in children 
with a positive family history of coronary artery disease, 
low-grade inflammatory state typical of atherosclerosis 
begins early in childhood and the values of IL-6 and CRP 
in monocell cultures, as well as their plasma concentrations 
were significantly higher as compared to the controls. In the 
current study, none of the patients’ parents or grandparents 
declared a positive history of coronary or cerebrovascular 
events. It seems unlikely that a positive family history of 
cardiovascular disease might explain cardiac arrhythmias in 
the present study.

This study has several limitations. First, the size of the 
study group and subgroups with various arrhythmias is 
limited, and the results of comparative analyses should be 
interpreted with caution. We cannot exclude that indeed AF 
in children is associated with elevated IL-6 as suggested in 
studies performed in adult patients [12-15]. AF is detected 
very rarely in children; therefore, in the present study, there 
were no AF cases. Second, all laboratory measurements were 
performed on a single occasion. Given various time intervals 
from the symptom onset, serial measurements might provide 
better insights into the role of IL-mediated inflammatory 
responses in cardiac arrhythmias in children. Third, we did 
not follow the children enrolled in this study to evaluate the 
risk for recurrent arrhythmias.

In summary, our results suggest that the selected pro-
inflammatory markers i.e. serum IL-6, CRP or a common 
–174G>C IL-6 gene polymorphism are not involved in the 
pathogenesis of cardiac supraventricular or ventricular 
arrhythmias in children. Further studies are needed to 
investigate whether other inflammatory pathways might be 
implicated in arrhythmias in this age group.

CONCLUSIONS

The study revealed that in children diagnosed with 
supraventricular or ventricular arrhythmia, the values of 
selected pro-inflammatory markers i.e. serum IL-6, –174 
G>C IL-6 polymorphism and CRP concentrations were 

normal. Also, severity of arrhythmias showed no associations 
with IL-6, CRP or –174 G>C IL-6 genotypes. It may suggest 
that idiopathic arrhythmias in children probably are not 
triggered or associated with infections. This new information 
can effectively reduce the total financial costs of unnecessary 
diagnosis and treatment of children–around the world–
affected by cardiac arrhythmia.
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