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Increased P wave dispersion in patients with liver steatosis
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ABSTRACT

Aim Hepatic steatosis is associated with metabolic and hemodyna-
mic abnormalities induced by insulin resistance and inflammatory 
state. Since abnormalities of P wave dispersion may be accompa-
nied with latter issues we evaluated this subject in patients with 
hepatic steatosis.

Methods Total of 106 patients and 56 healthy subjects were en-
rolled and performed hepatic ultrasonography, echocardiography, 
electrocardiogram, and biochemistry tests. Clinical features, labo-
ratory and echocardiographic parameters, P wave dispersion were 
compared between groups and analyzed for any correlation among 
parameters.

Results Body mass index (BMI), waist circumference, systolic 
and diastolic blood pressure, levels of total and LDL cholesterol, 
and fasting blood glucose (FBG), and left atrial diameter were si-
gnificantly higher in patients with hepatic steatosis. Peak velociti-
es of mitral E and A waves and their ratio were abnormally chan-
ged in patients compared to normals. In multiple linear regression 
analysis, approximately all of the variables previously correlated 
within Pearsons’ correlation test  were found to be significantly 
correlated with P wave dispersion [ waist circumference (ß=0.151, 
p=0.048), LDL cholesterol (ß=0.234, p=0.000), FBG (ß=0.402, 
p= 0.000), alanine aminotransferase (ALT) (ß=0.205, p= 0.006), 
alkaline phosphatase (ALP) (ß=0.277, p=0.000), γ-glutamyl tran-
sferase (γ-GT) (ß=0.240, p=0.000), left atrial diameter (ß=0.204, 
p=0.003), heart rate (ß=0.123, p=0.037)].

Conclusion Increased P wave dispersion may indicate a risk of 
atrial arrhythmia which may be complicated with disabling symp-
toms and thromboembolism in patients with hepatic steatosis. 
Consequently, hepatic steatosis is associated with increased risk 
for cardiovascular disease due to metabolic and hemodynamic ab-
normalities probably induced by insulin resistance and inflamma-
tory state.
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INTRODUCTION 

Prevalence of hepatic steatosis is growing in de-
veloped countries probably due to lifestyle and 
dietary habits which potentially promote athe-
rosclerosis. Consequently an increase in preva-
lence of cardiovascular diseases among either 
diabetic or non-diabetic patients with hepatic 
steatosis is being observed (1). Thus this clini-
cal issue is suggested to be a novel component of 
metabolic syndrome (2). 
It was documented that hepatic steatosis was close-
ly associated with insulin resistance and increased 
levels of oxidative stress and endothelial dysfuncti-
on (3). Since liver steatosis is a low-grade inflam-
matory disease of the liver atherosclerosis in which 
inflammatory mediators might have had an impor-
tant role could easily be initiated and progress (4). 
Also insulin resistance and subclinical inflamma-
tion have a reciprocal and an additive relationship 
which may induce a predisposition to atheroscle-
rosis. Moreover, those abnormalities may induce 
sympathetic over-activity which could induce in-
homogeneous electrical activity of myocardium 
and also atrium (5,6). Sympathetic over-activity 
and sub-inflammation may coexist and are proba-
bly the essential features of hemodynamic abnor-
malities clustered in metabolic syndrome (7). 
P wave is the reflection of atrial electrical activity 
on the surface electrocardiogram (8). It may po-
tentially be influenced by the hemodynamic and 
metabolic abnormalities which are frequent in 
patients with liver steatosis (9). Thus, we aimed 
to evaluate the P wave dispersion in patients with 
hepatic steatosis in this study.

PATIENTS AND METHODS

The total of 106 patients with hepatic steatosis and 
56 healthy subjects underwent clinical examina-
tion, echocardiography, hepatic ultrasonography, 
and 12 lead electrocardiograhy. All participants 
were informed about the study and signed infor-
med consent forms. Electrocardiograms (ECG) 
were recorded at 50 mm/sec rate and 10 mm/mV 
and analyzed digitally. P wave dispersion was 
determined as the difference between minimum 
and maximum P wave durations by a cardiologist 
blinded to the study project and clinical informa-
tion of patients. (P wave dispersion=PMaximum-PMi-

nimum). Participants with ECG abnormalities (<60 

or >100 beats per minute, ST segment and T wave 
abnormalities, short PR interval, left ventricular 
hypertrophy criteria, etc.) were excluded.
Hepatic ultrasonography was performed by a 
single experienced radiologist who was bound to 
study project. Ultrasonography has a sensitivity 
of 90% and a specificity of 95% in diagnosing and 
grading of hepatic steatosis (10). Serum levels of 
plasma liver tests including alanine aminotran-
sferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP) and GGT, and total 
cholesterol, LDL cholesterol, HDL cholesterol, 
and triglyceride, fasting blood glucose (FBG) 
were determined from venous blood samples 
obtained at 12 hour fasting state. Patients with 
cirrhotic liver disease, positive serology for viral 
hepatitis B and C, history of hepatotoxic medi-
cation, heavy smoking and alcohol consumption, 
overt diabetes and hypertension, familial hyperli-
pidemia were excluded from the study. 
We used Independent-Samples-t test for compa-
rison of continuous variables. Associations of P 
wave with clinical, echocardiographic and labo-
ratory parameters assessed by Pearson’s corre-
lation test and independent relationships were 
assessed by multiple linear regression analysis 
and reported as standardized regression coeffi-
cients and their significance. A 2-tailed p value 
<0.05 was considered as statistically significant. 
Statistical analyses were performed using SPSS 
11.0 for Windows.

RESULTS

In comparison of patients with liver steatosis and 
healthy subjects, body mass index (BMI), waist 
circumference, systolic and diastolic blood pre-
ssures were significantly higher in patients with 
liver steatosis (p<0.01) (Table 1). Also labo-
ratory parameters such as levels of total chole-
sterol , LDL and HDL cholesterol, triglyceride, 
fasting blood glucose were abnormally increased 
in patients’ group (p<0.05). Serum levels of li-
ver enzymes such as ALT, ALP, and γ-glutamyl 
transferase (γ-GT) except AST were significantly 
higher in patients with liver steatosis as expected 
(p<0.01). In comparison of echocardiographic 
parameters ejection fraction was slightly higher 
in healthy subjects and left atrial diameter was 
significantly increased in patients with liver ste-
atosis (p<0.01). Peak velocities of both mitral E 
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and A waves were significantly increased in pa-
tients with liver steatosis as compared to healthy 
subjects (p<0.05). Additionally, ratio of peak ve-
locities of mitral E wave to A wave was signifi-
cantly decreased in the patients’ group (p<0.05). 
Deceleration time of mitral E wave and isovolu-
mic relaxation time were not statistically signi-
ficant between groups (p>0.05).  Heart rate was 

significantly higher in patients with liver steato-
sis (p<0.01).  Also P wave dispersion was signifi-
cantly increased in patients with liver steatosis as 
compared to healthy subjects (41.6±6.5 msec vs 
36.2±4.8 msec, p<0.01) (Table 1).
P wave dispersion was significantly correla-
ted with waist circumference, LDL cholesterol, 
fasting blood glucose, levels of ALT, ALP, and 
γ-GT, left atrial diameter, and also heart rate in 
bivariate correlation analysis (p<0.05) (Table 2). 
In multiple linear regression analysis, approxima-
tely all of the variables previously correlated wi-
thin Pearsons’ correlation test  were found to be 
significantly correlated with P wave dispersion [ 
waist circumference (ß=0.151, p=0.048), LDL 
cholesterol (ß=0.234, p=0.000), FBG (ß=0.402, 
p= 0.000), ALT (ß=0.205, p= 0.006), ALP 
(ß=0.277, p=0.000), γ-GT (ß=0.240, p=0.000), 
left atrial diameter (ß=0.204, p=0.003), heart rate 
(ß=0.123, p=0.037)] (Table 2).  

DISCUSSION

The main result of our study is that P wave dis-
persion was significantly increased and also 
correlated with laboratory, metabolic and echo-
cardiographic abnormalities in patients with liver 
steatosis (Table 1, 2). Liver steatosis, a candidate 
to be a novel component of metabolic syndrome, 
is closely associated with insulin resistance (2, 
11, 12). Insulin resistance causes metabolic de-
rangements, increased central blood volume and 
abnormal sympathetic activity (13). Increased 
SBP, DBP, heart rate and FBG might have been 
consequences of those abnormalities induced by 
insulin resistance. P wave duration and P wave 
dispersion were reported to be influenced by ab-

Table 1. Comparison of clinical features, laboratory param-
eters and parameters of aortic elasticity among patients with 
liver steatosis and healthy individuals

Patients with 
liver steatosis 

(n=102)

Healthy 
Subjects 
(n=56)

p

Clinical features*
Age (years) 34,5±7,0 33,1±6,3 0.064

Gender (M/F) 66/36 38/18 0.23**
BMI (kg/m2) 27.32±3.2 24.8±2.4 0.000

Waist circumference M
F

104.2±10.7
90.4±8.2

96.7±9.2
84.6±9.2  0.001

Systolic blood pressure 
(mm Hg) 120.8±7.0 115.0±10.9 0.000

Diastolic blood pressure 
(mm Hg) 72.2±7.5 64,6±9.6 0.000

Laboratory parameters
Total cholesterol (mg/dl) 214.06±42.6 194.8±32.2 0.007
LDL cholesterol (mg/dl) 136.0±30.8 120.4±24.8 0.007
HDL cholesterol (mg/dl) 42.8±8.2 39.8±6.0 0.013

Triglyceride (mg/dl) 158.8±64.6 150.4±60.6 0.377
FBG (mg/dl) 97.4±10.8 94.6±6.0 0.043
BUN (mg/dl) 13.2±3.1 13.8±1.8 0.327

AST (IU/L) 26.8±10.5 24.4±8.1 0.46
ALT (IU/L) 52.8±23.6 34.6±7.4 0.000
ALP (IU/L) 74.2±18.6 54.4±20.8 0.000
γ-GT (IU/L) 48.8±11.8 40.2±8.4 0.003

Echocardiography 
LVIDd (mm) 45.9±3.2 45.4±2.7 0.276
LVIDs (mm) 28.6±3.7 28.2±2.4 0.348

 EF (%) 65.8±4.7 67.3±3.0 0.067
LAD (mm) 33.6±2.6 32.0±2.5 0.000

Mitral E wave velocity 
(m/s) 0.72±0.14 0.63±0.16 0.000

Mitral A wave velocity 
(m/s) 0.58±0.10 0.46±0.16 0.022

E/A ratio 1.37±0.22 1.47±0.39 0.016
E wave DT (msec) 167.40±45.35 160.31±34.01 0.289

IVRT (msec) 100.4±21.66 101.9±30.3 0.680
Electrocardiographic 
features

Heart rate (bpm) 84.6±12.2 79.8±8.2 0.001
Pdisp (msec) 41.6±6.5 36.2±4.8 0.000

*M/F, Male/Female; BMI, Body mass index; LDL, low density lipo-
protein; HDL, high density lipoprotein; FBG, fasting blood glucose; 
BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, ala-
nine aminotransferase; ALP, alkaline phosphatase; γ-GT, γ-glutamyl 
transferase; LVIDd/s, diastolic and systolic internal diameters of  left 
ventricle; EF, left ventricular ejection fraction; LAD, left atrial diame-
ter; DT, deceleration time; IVRT, isovolumic relaxation time; bpm, 
beat per minute; Pdisp, dispersion of P wave duration; **Chi-Square 
test; p<0.05, statistically significant

Table 2. Bivariate and multivariate correlations of P wave 
dispersion with clinical and echocardiographic variables in 
patients with liver steatosis*

P wave dispersion (msec)

Variables
Pearson 

correlation 
coefficient

p
Standardized 
ß regression 
coefficients

p

Waist circumference 0.160 0.014 0.151 0.048
LDL cholesterol 0.213 0.001 0.234 0.000
FBG 0.140 0.032 0.402 0.000
ALT 0.148 0.023 0.205 0.006
γ-GT 0.174 0.004 0.240 0.000
ALP 0.161 0.013 0.277 0.000
LAD 0.381 0.000 0.204 0.003
Heart Rate 0.148 0.032 0.123 0.037

*abbreviations as in Table 1
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normal autonomic tone (14). Increased heart rate 
and FBG but not the blood pressure values were 
significantly correlated with P wave dispersion in 
our study (Table 2). 
Left atrial diameter was significantly enlarged 
and correlated with P wave dispersion in pati-
ents with liver steatosis. Left atrial volume and 
diameters are the strong indicators of inhomoge-
neous propagation of the sinus impulse through 
the atriums in congestive heart failure (15). This 
association may be present in hepatic steatosis 
as well as in congestive heart failure. Atrial en-
largement is probably a consequence of atrial 
remodeling as a response to the increased filling 
pressures and chronic pressure overload induced 
by insulin resistance in hepatic steatosis (13, 16). 
Nicolaou et al reported that metabolic syndrome 
favor the occurrence of paroxysmal atrial fibri-
llation by increasing atrial size (17).  Peak velo-
cities of mitral E and A waves but not their ratio 
were significantly higher and may also reflect 
the atrial pressure overload and the dependence 
of left ventricular filling to atrial contractions in 
patients with liver steatosis (Table 1). Mureddu et 
al reported that impairment of myocardial relaxa-
tion in obese patients was predominantly induced 
by insulin resistance (18).
Roes et al reported that both the insulin resistan-
ce and low grade inflammation may contribute to 
the abnormal diastolic function in patients with 
metabolic syndrome (19). Low grade inflamma-
tory state is accompanied with increased levels of 
soluble intercellular and vascular adhesion mo-
lecules, oxidative stress, and endothelial dysfun-
ction (20). It is associated with increased P wave 
dispersion and also risk of atrial fibrillation in 
patients with chronic non-cardiac diseases (21, 
22). Pleiotropic anti-inflammatory effect of sta-
tins may be one of the rationales on reducing the 
risk of post-operatively new-onset atrial fibrilla-
tion (23, 24). In fact, hepatic steatosis is a chronic 
inflammatory disease of liver (25). Also, P wave 
dispersion was found to be significantly correla-
ted with those liver enzymes in our study. 

Watanabe et al reported that metabolic syndrome 
was associated with increased risk of atrial fibri-
llation probably due to metabolic derangements 
(9). P wave dispersion longer than ≥ 40 msec is 
clinically important (26). Thus, a mean P wave 
dispersion about 41.6±6.5 msec in our patients 
with liver steatosis may indicate an increased risk 
of atrial fibrillation as well as in other clinical 
conditions; hypertension, pre-hypertension, dia-
betes, obesity, metabolic syndrome, etc (27-29). 
It is probably a consequence of both the metabo-
lic derangements due to insulin resistance and the 
inflammatory state due to liver steatosis.  
In this study we did not measure the insulin le-
vels to determine the insulin resistance. Although 
this seems to be a limitation of our study, the role 
of insulin levels in diagnosis of insulin resistance 
is still a disputable issue (30). Additionally, we 
did not evaluate the level of inflammation and 
inflammatory markers since the latter issue was 
reported to be higher in liver steatosis by nume-
rous studies (20, 25). 
P wave dispersion, which is clinically important 
for atrial arrhythmia, is increased in patients with 
liver steatosis. Atrial arrhythmia may increase 
the burden of cardiovascular diseases by either 
disabling symptoms or thromboembolic events in 
patients with liver steatosis. Consequently, liver 
steatosis, potentially a novel component of meta-
bolic syndrome, is associated with increased risk 
for cardiovascular disease due to metabolic and 
hemodynamic abnormalities probably induced 
by insulin resistance and inflammatory state.
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