
Int J Clin Exp Med 2014;7(11):4434-4440
www.ijcem.com /ISSN:1940-5901/IJCEM0002337

Original Article
A functional single-nucleotide polymorphism  
in interleukin-6 promoter is associated with p wave  
dispersion in hypertensive subjects with atrial fibrillation

Hai-Hua Geng1, Rui Li1, Ya-Min Su2, Hai-Yan Pan2, Min Pan2, Xiao-Ping Ji1

1The Key Laboratory of Cardiovascular Remodeling and Function Research, Chinese Ministry of Education and 
Chinese Ministry of Health, Shandong University Qilu Hospital, Jinan 250012, China; 2Department of Cardiology, 
Affiliated Hospital of Nantong University, Nantong 226001, China

Received September 5, 2014; Accepted November 8, 2014; Epub November 15, 2014; Published November 30, 
2014

Abstract: Inflammation has been shown to be implicated in the pathophysiology of atrial fibrillation (AF). Interleu-
kin-6 (IL-6) is a pleiotropic cytokine, functions as a mediator of inflammatory response and has both pro-inflamma-
tory and anti-inflammatory properties. Little is known about genetic factors of inflammation in the accompanying 
atrial electrical remodeling expressed by P wave dispersion (Pdisp). The aim of the present study is to evaluate the 
association of -634C/G polymorphism of IL-6 gene with Pdisp in Han Chinese hypertensive patients with AF. A total 
of 100 patients with essential hypertension (EH) were eligible for this study. Patients with paroxysmal AF (n=50) 
were allocated to the AF group, and 50 subjects without AF to the control group. The PCR-based restriction fragment 
length polymorphism (PCR-RFLP) technique was used to assess the genotypes frequencies. The distribution of the 
IL-6 -634C/G genotypes (CC, CG, and GG) was 68.00%, 28.00%, and 4.00% in the controls, and 44.00%, 40.00%, 
and 16.00% in AF subjects, respectively (P=0.0269). The frequency of the G allele in the AF group was significantly 
higher than that in the control group (36.00% vs 18.00%, P=0.0041). Compared to the wild type CC, the G allele 
carriers (CG + GG genotypes) had a 2.7045-fold increased risk of AF (odds ratio =2.7045, 95% confidence interval 
=1.1966-6.1126, P=0.0156). AF patients with the CG + GG genotype had longer Pdisp (P=0.0032) than did patients 
with the CC genotype. The longer Pdisp in the subjects with the CG + GG genotype was also found in the control group 
(P=0.0016). These findings support that IL-6 -634C/G polymorphism is associated with Pdisp and AF, suggesting an 
active implication of inflammation in the atrial electrophysiological remodeling predisposing to AF.
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Introduction

Atrial fibrillation (AF) represents the most com-
mon sustained cardiac arrhythmia seen in clini-
cal practice, affecting 1-2% of the general pop-
ulation [1-6]. AF not only is an independent risk 
factor for death but also confers significant risk 
of morbidity from stroke associated with car-
diogenic thromboembolism [7-10]. Essential 
hypertension (EH) is the most common cardiac 
condition associated with AF [5, 11]. The risk of 
AF in hypertensive compared with normoten-
sive subjects was increased by 1.9 times in the 
Framingham Heart Study [12] and 1.4 times in 
the Manitoba Follow-up Study [13].

The role of hypertension as risk factor for AF is 
established but still incompletely known. The 
major pathophysiological change in AF is atrial 

fibrosis, which can be triggered in EH, at least 
partly, by the increased hemodynamic load and 
the accompanying activation of various humor-
al and inflammatory pathways [14, 15]. The 
change in atrial histology leads to atrial inhomo-
geneity of electrical properties and propensity 
to AF. The heterogeneous conduction in atria 
has been shown to be expressed in the surface 
electrocardiogram (ECG) as increased interlead 
variability of P wave duration. P wave dispersion 
(Pdisp) is regarded as an electrocardiographic 
marker of inhomogeneous and discontinuous 
propagation of sinus impulses and contributes 
to the identification of subjects at risk for AF [2, 
16, 17].

Recently, several lines of evidence support a 
strong association between low grade inflam-
mation and the pathogenesis of AF, although it 
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is uncertain whether any inflammatory changes 
represent a cause or consequence of AF [2, 4, 
8, 18]. Some studies have shown that concen-
trations of inflammatory mediators or markers, 
such as interleukin (IL)-6 and high-sensitivity 
C-reactive protein (hs-CRP), were increased in 
patients with AF and were associated with 
unsuccessful cardioversion [4, 5, 19]. The 
potential role of inflammation in the atrial elec-
trophysiological remodeling predisposing to AF 
is currently under investigation. In a small pilot 
study, Tsioufis et al [2] first showed that elevat-
ed plasma hs-CRP concentration was an inde-
pendent determinant of Pdisp and AF among a 
cohort of 50 EH patients with paroxysmal AF.

IL-6 is a pleiotropic cytokine of 23.7 kDa secret-
ed by many cells of the immune system, cardio-
vascular components, and adipose tissue, 
functions as a mediator of inflammatory 
response and has both pro-inflammatory and 
anti-inflammatory properties [20, 21]. Circu- 
lating levels of IL-6 differ greatly between indi-
viduals due to both genetic and environmental 
influences [5, 22]. Three single nucleotide poly-
morphisms (SNPs) in the IL-6 promoter re- 
gion (-597G/A (rs1800797); -634C/G (rs1800- 
796) and -174G/C (rs1800795)) have been 
reported to influence IL-6 transcription, and 
-174G/C was in tight linkage disequilibrium with 
-597G/A [23, 24]. The -174C allele is extremely 
rare and the -634C allele is common in eastern 
Asian populations, whereas in Caucasians the 
-174C allele is relatively frequent and the -634C 
allele is less frequent [25]. To date, the associa-
tion of genetic factors of inflammation with 
atrial electrical remodeling has not been inves-
tigated before. We carried out a case-control 
study of the IL-6 -634C/G polymorphism to 
evaluate its putative association with Pdisp in 
Han Chinese hypertensive patients with AF.

Subjects and methods

Study subject

A total of 100 EH patients with AF were eligible 
for this study. EH was defined according to the 
Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High 
Blood Pressure (JNC-7) criteria [26] as diastolic 
blood pressure (DBP) equal to or over 90 mmHg 
and/or systolic blood pressure (SBP) equal to or 
over 140 mmHg (average of 2 measurements) 
or on treatment with anti-hypertension therapy. 

50 patients with at least two documented epi-
sodes of paroxysmal AF during the last year 
were allocated to the AF group, and 50 subjects 
without AF to the control group. AF was defined 
according to the European Society of Cardiology 
(ESC) Guidelines for the management of AF [1]. 
Details of medical history, family history, and 
clinical symptoms were obtained from all par-
ticipants using a standardized questionnaire, 
together with information of drug intake and 
cigarette smoking. Blood pressure, height, and 
weight were measured by trained physicians or 
nurses according to standardized protocols. 
Patients with acute coronary syndrome, diabe-
tes mellitus, hypertrophic cardiomyopathy, sig-
nificant valvular disease, left ventricular dys-
function (ejection fraction <50%), and 
neoplastic, renal, liver, thyroid diseases, or any 
noncardiac significant systemic disease were 
excluded. We also excluded subjects with atrio-
ventricular block, bundle branch block, ventric-
ular pre-excitation, or pacemaker im- 
plantation. All study participants were unrelat-
ed Han nationality residents. The study has 
been approved by the local medical ethics com-
mittee, and written informed consent was 
obtained from all participants.

Assessment of Pdisp

After resting for at least 5 min at the supine 
position, the standard 12-lead surface ECG 
(25-mm/s, 1-mV/cm, and 100-Hz) was record-
ed. The P wave duration was measured manu-
ally by an experienced investigator blinded for 
the study, with the aid of a magnifying lens. The 
onset and offset of the P wave was defined as 
the junction between isoelectric line and the 
beginning of the P wave deflection, and the 
junction between the end of the P wave deflec-
tion and the isoelectric line, respectively. The 
average duration of the P wave in each lead, 
from a 20 s recording, was measured and after-
wards the averaged maximum (Pmax), and mini-
mum (Pmin) duration was recorded on each ECG. 
The Pdisp was calculated by the difference 
between Pmax and Pmin [27]. Both the P wave 
measurements were corrected for heart rate 
(HR) by Bazett’s formula, i.e. the corrected P 
wave parameters was equal to P wave param-
eters/(HR)1/2 [28].

Echocardiography

Two-dimensional echocardiogram was record-
ed with each participants in the partial left 



IL-6 polymorphism and Pdisp

4436	 Int J Clin Exp Med 2014;7(11):4434-4440

between the two groups with regard to age, 
gender, EH duration, body mass index (BMI), 
smoking status, serum lipids levels, blood pres-
sure, left ventricular ejection fraction (LVEF), 
and the use of antihypertensive drugs. However, 
compared to the controls, AF patients had larg-
er left atrial dimension (P=0.0001). In terms of 
ECG-derived indexes regarding P wave variabil-
ity, the AF group compared to the controls 
exhibited a shorter Pmin (P=0.0262) and a great-
er Pdisp (P=0.000). Pmax despite a longer trend in 
the AF patients did not differ substantially in 
the two groups.

The distributions of IL-6 -634C/G genotypes 
and allele frequencies for two groups are given 
in Table 2. The genotype distribution among 
the subjects was in Hardy-Weinberg equilibrium 
in both the control group (χ2=0.1326, 
P=0.7158) and the AF group (χ2=0.8705, 
P=0.3508). The distribution of the IL-6 -634C/
G genotypes (CC, CG, and GG) was 68.00%, 
28.00%, and 4.00% in the controls, and 
44.00%, 40.00%, and 16.00% in AF subjects, 

decubitus position after a resting period of at 
least 10 min. Left atrial (LA) diameter was 
obtained in the parasternal short-axis view. The 
left ventricular ejection fraction (LVEF) was 
determined by the Simpson’s method [29]. 

Biochemical analysis

Venous blood samples were obtained after at 
least a 10-hour overnight fast and then centri-
fuged at 2500 rpm for 30 minutes at 4°C and 
immediately stored -80°C until analysis. 
Measurement of total cholesterol (TC), high 
density lipoprotein-cholesterol (HDL-C), low 
density lipoprotein-cholesterol (LDL-C), and tri-
glycerides (TG) was performed as described 
previously [30].

Genetic analysis

Genomic DNA was extracted from peripheral 
blood leukocytes by the salting-out method 
with minimal modifications. Determination of 
IL-6 -634C/G genotypes was performed by 

polymerase chain reaction and 
restriction fragment length poly-
morphism (PCR-RFLP) as des- 
cribed previously [31].

Statistical analysis

All continuous variables are ex- 
pressed as the mean and stan-
dard deviation (SD). Student’s 
t-test was used to compare con-
tinuous variables from two 
groups. Genotypes and allele fre-
quencies were obtained by direct 
count. Differences in the distri-
bution of alleles and genotypes 
between the groups, and devia-
tions from the Hardy-Weinberg 
equilibrium were assessed by χ2 
test. All significant tests were 
two-tailed and were considered 
statistically significant at P<0.05. 
SPSS for Windows version 11.0 
(SPSS Inc., Chicago, IL, USA) was 
used for all statistical analyses.

Results

The clinical characteristics of all 
participants enrolled in the study 
are depicted in Table 1. No sig-
nificant differences were seen 

Table 1. Clinical characteristics of AF and control subjects
Characteristics AF (n=50) Controls (n=50) P value
Age (years) 62.36 ± 9.25 61.86 ± 9.07 0.7855
Gender (% male) 64.00 70.00 0.5235
EH duration (years) 7.23 ± 5.28 7.56 ± 5.73 0.7652
BMI (Kg/m2) 23.24 ± 3.21 23.37 ± 3.46 0.8460
Smoking (%) 18.00 14.00 0.5854
TC (mmol/L) 4.63 ± 0.46 4.49 ± 0.49 0.1440
LDL-C (mmol/L) 2.48 ± 0.43 2.41 ± 0.39 0.3959
HDL-C (mmol/L) 1.45 ± 0.24 1.40 ± 0.23 0.2901
TG (mmol/L) 1.62 ± 0.54 1.55 ± 0.49 0.4989
SBP (mmHg) 143.22 ± 24.63 141.51 ± 23.85 0.7251
DBP (mmHg) 81.99 ± 10.42 83.29 ± 11.54 0.5557
LVEF (%) 60.06 ± 6.32 61.14 ± 6.48 0.4009
Left atrial dimension (mm) 42.76 ± 6.95 37.22 ± 6.54 0.0001
Diuretics (%) 40.00 32.00 0.4047
Calcium antagonist (%) 48.00 52.00 0.6892
b-blocker (%) 34.00 28.00 0.5166
ACE inhibitor (%) 50.00 46.00 0.6889
ARB (%) 30.00 32.00 0.8288
Pmax (ms) 114.39 ± 30.23 106.78 ± 28.46 0.1980
Pmin (ms) 68.21±25.47 80.15 ± 27.39 0.0262
Pdisp (ms) 46.28 ± 13.84 26.65 ± 9.89 0.0000

AF, atrial fibrillation; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
BMI, bodymass index; LVEF, left ventricular ejection fraction; TC, total cholesterol; 
LDL-C, low densitylipoprotein-cholesterol; HDL-C, high density lipoprotein-choles-
terol; TG, triglycerides; ACE, angiotensin-converting enzyme; ARB, angiotensin 
receptor blocker.
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shown that elevated circulating IL-6 level was 
correlated to new onset AF and chronic (persis-
tent and permanent) as well as increased left 
atrial dimensions [33, 34]. In a cross-sectional 
study of 971 patients with coronary artery dis-
ease, among 6 inflammatory biomarkers, AF 
was associated with high IL-6 levels, and linked 
to IL-6 -174G/C polymorphism [35]. In addition, 
the development of postoperative AF in patients 
undergoing coronary artery bypass graft sur-
gery was related with increased circulating IL-6 
levels and promoter polymorphisms of the IL-6 
gene [32]. Our previous study also reported 
that the IL-6 -634C/G polymorphism was asso-
ciated with AF in elderly Han Chinese patients 
with EH [5].

There are data suggesting that low grade 
inflammation along with endothelial dysfunc-
tion and activation of renin-angiotensin system 
were implicated to the development of hyper-
tensive target organ damage, including left ven-
tricular and atrial myocardium [36]. Atrial fibro-
sis, loss of atrial myocardial mass and the 
associated structural heterogeneity of the atri-
al myocardium, lead to the inter- and intra-atrial 
conduction disturbances and shortening of the 
atrial refractory period. These alterations pro-
vided the electrophysiological substrate for AF 
[37]. Reflecting these abnormalities of conduc-
tion, Pdisp has been regarded as an electrocar-
diographic marker of risk for the induction, and 
maintenance or recurrence of AF [2, 16]. Larger 
left atrial dimension was a precursor of AF in 

respectively (P=0.0269). The frequency of the 
G allele in the AF group was significantly higher 
than that in the control group (36.00% vs 
18.00%, P=0.0041).Compared to the wild type 
CC, the G allele carriers (CG + GG genotypes) 
had a 2.7045-fold increased risk of AF (odds 
ratio [OR]=2.7045, 95% confidence interval 
[CI]=1.1966-6.1126, P=0.0156). Seen Table 3.

Table 4 summarizes the effects of the different 
genotypes on clinical parameters. The carriers 
of the G allele (CG + GG) were pooled into one 
group, because the numbers of individuals with 
the GG genotype were small. No statistical dif-
ferences were found in the age, gender, EH 
duration, BMI, smoking status, serum lipids lev-
els, blood pressure, LVEF between the geno-
types both in the AF and control groups. 
However, AF patients with the CG + GG geno-
type had greater left atrial dimensions 
(P=0.0319) and Pdisp (P=0.0032) than did 
patients with the CC genotype. The longer Pdisp 
in the subjects with the CG + GG genotype was 
also found in the control group (P=0.0016).

Discussion

To the best of our knowledge, this is the first 
study to provide evidence that polymorphism of 
inflammatory cytokine might influence the atri-
al electrical remodeling in EH patients. Both in 
the AF and control groups, subjects with the CG 
+ GG genotype had greater Pdisp than did 
patients with the CC genotype. Also, the G allele 

carriers had greater left atrial 
dimensions compared to the 
CC homozygotes in the AF 
group. There is a positive 
association between the IL-6 
-634C/G polymorphim and 
risk of developing AF in hyper-
tensive patients. Compared 
with the wild type CC, the G 
allele carriers (CG + GG geno-
types) had a 2.7045-fold 
increased risk of AF. These 
findings support the hypothe-
sis that inflammation plays a 
role in the underlying mecha-
nisms of AF.

There has been growing inter-
est in evaluate the role of IL-6 
in AF in the past few years 
[32]. Published studies have 

Table 2. Distributions of IL-6 -634C/G genotypes and alleles in AF 
and control subjects

Groups n
Genotypes frequencies (n, %) Alleles frequencies (n, %)

CC CG GG C G
controls 50 34 (68.00) 14 (28.00) 2 (4.00) 82 (82.00) 18 (18.00)
AF 50 22 (44.00) 20 (40.00) 8 (16.00) 64 (64.00) 36 (36.00)
P value 0.0269 0.0041

Table 3. Comparision of IL-6 -634C/G genotypes and alleles in AF 
and control subjects

χ2 Odds ratio (95% CI) P value
CG + GG vs. CC 5.8442 2.7045 (1.1966-6.1126) 0.0156
CC + GG vs. CG 1.6043 0.5833 (0.2525-1.3477) 0.2053
CC + CG vs. GG 4.0000 0.2188 (0.0440-1.0877) 0.0455
GG vs. CC 5.6729 6.1818 (1.1995-31.8587) 0.0172
C vs. G 8.2192 0.3902 (0.2030-0.7501) 0.0041
G vs. C 2.5625 (1.3331-4.9256)
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the Framingham Heart Study [38] and the 
Cardiovascular Health Study [39]. Electro- 
physiological features in tandem with left atrial 
dilation include dispersion of the atrial refrac-
tory period and prolongation of conduction 
time. Both these changes account for the 
development of multiple reentrant wave fronts 
starting and possibly perpetuating AF [14].

Our study has some potential limitations. 
Firstly, the cross-sectional study with no pro-
spective data limits our ability to extract con-
clusions about the temporal relationships of 
inflammation and AF. The relatively limited 
cohort size restricts the generalizability of our 
results. Secondly, we could not exclude the 
presence of previous asymptomatic AF in the 
control group because the diagnosis was based 
solely on the medical history of the interviews 
with the participants. Thirdly, the absence of 
the assessment of serum IL-6 levels concor-
dant with IL-6 -634C/G polymorphism may limit 
the outcomes. However, our previous report 
[31] along with the studies conducted in 
Japanese and Koreans [40, 41] indicate that 
IL-6 -634C/G is associated with circulating lev-
els of IL-6 in eastern Asians. Finally, although 
all the study subjects were Han Chinese popu-
lation and thus the possibility of ethnicity as a 
confounding factor could be excluded, the 
association of the IL-6 -634C/G polymorphism 
and AF in other populations remains unknown 
and needs further study.

In conclusion, our data support that IL-6 -634C/
G polymorphism is associated with Pdisp and AF, 
and the G allele has increased risk for AF in 
elderly Han Chinese patients with EH, suggest-
ing an active implication of inflammation in the 
atrial electrophysiological and constructional 
remodeling predisposing to AF. The data in this 
study may be helpful for the future develop-
ment of approaches to identify individuals that 
are at risk of AF and strategies to optimize 
treatment for this common and complex dis-
ease. However, given the inherent limitations of 
case-control studies and the complex nature of 
genetic susceptibility for chronic degenerative 
diseases, the prospective and interventional 
clinical studies with larger sample size are 
required to be conducted in individual ethnic 
groups to confirm our observations.
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Table 4. Clinical characteristics according to different genotypes in AF and control subjects
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