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Early cardiac electrical and structural changes 
in patients with non-obese non-alcoholic fatty liver disease

Background Obese non-alcoholic fatty liver disease (NAFLD) was found to increase the risk of developing atrial 
fibrillation (AF) regardless of the metabolic syndrome subgroups that may accompany it. In this study, 
the effect of NAFLD on the structural and electrical functions of the heart was investigated using tissue 
Doppler echocardiography (TDE) in non-obese NAFLD patients without any known risk factors for AF.

Material and methods The study included 43 female patients (31.3±3.8 years), who had stage 2–3 hepatosteatosis detected 
by liver ultrasonography and diagnosed as non-obese NAFLD (patient group), and 31 healthy women 
(control group, 32.5±3.6 years). In addition to standard echocardiographic parameters, inter- and intra-
atrial electromechanical delay (EMD) were evaluated by TDE.

Results Interatrial EMD (PA lateral – PA tricuspid) and intraatrial EMD (PA septum – PA tricuspid) were 
significantly longer in patient group (16.1±3.4 vs. 12.5±2.3 ms, p<0.001, and 8.4±1.6 vs. 6.6±1.6 ms, 
p<0.001, respectively). At the subclinical level. atrial size, left ventricular diastolic function, and left 
ventricular wall thickness measurements were greater in the patient group.

Conclusion Inter-atrial and intra-atrial EMD were detected in young women with non-obese NAFLD. In addition, 
at the subclinical level, structural and functional impairment was detected However, large-volume 
prospective studies are required to cobfirm these findings regarding the development of AF in non-
obese NAFLD patients.
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Nonalcoholic fatty liver disease (NAFLD) is defined 
as having fat accumulation of at least 5 % of the liver 

weight without significant alcohol consumption (>30 g / day 
in men, >20 g / day in women) [1]. Although NAFLD 
is frequently seen with obesity, it occurs in non-obese 
patients. Non-obese NAFLD, which has been the center 
of attention in recent years, has a prevalence rate between 
5 % and 26 % in the general population and between 20 % 
and 50 % among individuals with NAFLD [2]. Non-obese 
NAFLD is associated with higher plasma glucose levels, 
insulin resistance, total cholesterol levels, systolic and 
diastolic blood pressure, and waist circumference than 
seen in healthy subjects [3]. NAFLD is an independent 
risk factor for cardiovascular disease [4]. Similar to obese 
NAFLD, cardiovascular disease causes a significant 
portion of mortality in patients with non-obese NAFLD 
[5, 6]. Arrhythmic disorders are one of the main causes 
of high cardiovascular mortality. In a  recent meta-
analysis with large participation, NAFLD was found to 
increase the risk of developing atrial fibrillation (AF), 

regardless of the metabolic syndrome subgroups that may 
accompany it [7]. Atrial fibrillation (AF) is an arrhythmia 
that can cause increased mortality and morbidity. As far 
as we know, the effect of non-obese NAFLD on cardiac 
structure and electrical function has not been reported.

Tissue Doppler imaging (TDI), a non-invasive 
test that is sensitive and safe, is used to evaluate 
atrial electromechanical properties [8]. Atrial 
electromechanical delay (EMD), which can be measured 
by TDI, is a useful non-invasive electrophysiological 
marker for identifing atria prone to fibrillation [9]. 
However, the use of EMD in determining the risk of AF 
is still not included in AF guidelines. However, it has 
been shown to predict silent AF attacks in patients with 
high risk of AF [10–12]. In addition, EMD has been 
successfully used to detect arrhythmia-prone atria in 
the  early stages of some diseases that increase the risk 
of AF [13–15]. Detecting early cardiac electrical and 
structural effects in non-obese NAFLD patients may be 
important in reducing mortality and morbidity. These 
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early effects may also be useful in evaluating the isolated 
cardiac effects of NAFLD. The purpose of this study 
was to  investigate, by using standard echocardiography 
and TDI methods, the independent effect of NAFLD 
in the early period when steatohepatitis has not affected 
cardiac structure and electrical function.

Materıal and methods
Patient selection

This study was designed as a cross-sectional, cohort 
study. A group of 43 patients under 40 yrs of age were 
studied. They had been admitted to the gastroenterology 
outpatient clinic of our hospital and had no additional 
pathology other than grade ≥2 hepatosteatosis by liver 
ultrasonography (USG). The control group was formed of 
31 healthy volunteers, who had normal USG and laboratory 
values (AST, ALT, GGT, ALP, bilirubin and albumin, etc.), 
and who had applied to  the  gastroenterology outpatient 
clinic, and who had similar age, height, and weight as 
the  patient group. Subjects under 18 or over 40 yrs of 
age, or with any of the following conditions were not 
included in  the  study: male sex, coronary artery disease, 
diabetes mellitus, hypertension, heart failure, renal failure 
(glomerular filtration rate <60 ml / min / 1.73 m2), a history 
of atrial fibrillation, collagen tissue disease, obesity (body 
mass index >30 kg / m2), metabolic syndrome, bronchial 
asthma, chronic obstructive pulmonary disease, thyroid 
disorder, obstructive sleep apnea, polycystic ovarian 
disease, smoking, alcohol use, chronic hepatitis B and 
C, cardiac valvular disease, electrolyte disorders, cardiac 
rhythm disorder, drug use that affects cardiac rhythm 
(such as antiarrhythmic, antihistamine, and antipsychotic 
drugs), and drug use that can cause hepatosteatosis (such 
as tamoxifen, oral contraceptives, methotrexate, and 
amiodarone). Body mass index (BMI) was calculated that 
weight in kilograms divided by the square of the height in 
meters.

Laboratory analyses
Venous blood samples were taken after a 12-hr fast. Blood 

was placed in tubes containing EDTA, and a  complete 
blood count was performed. Leukocyte, neutrophil, 
hemoglobin, hematocrit, and platelet count were recorded. 
Fasting blood glucose (FBG), transaminases, and lipid 
profile levels were measured in the serum obtained after 
centrifuging 5 ml of blood which had been collected in 
biochemistry tubes.

Electrocardiography
Standard, 12-lead standard electrocardiograms (ECG, 

10 mm / mV and 25 mm / s) were recorded from all subjects 
at rest and lying on their backs.

Transthoracic Echocardiography
USG examinations were performed from the  left 

lateral decubitus position with a Vivid 7 (General Electric, 
Horten, Norway, 2-4 MHz phased array transducer) 
echo cardiography machine. USG measurements were 
taken together with simultaneous ECG recordings by an 
experienced cardiologist who was blinded to the groups. 
Data from three cardiac cycles were averaged. Left ventricular 
(LV), left atrium (LA), and aortic root measurements were 
made using the M-mode method from the parasternal long-
axis window. The LV ejection fraction (LVEF) was measured 
using the Teichholz formula. Right ventricular (RV) 
diameter, right atrial (RA) diameter, tricuspid annular plane 
systolic excursion (TAPSE), and the RA and LA areas were 
obtained from the apical four-chamber view. LA volume 
was assessed by the biplane area-length method from apical 
4- and 2-chamber views. The LA volume index (LAVI) was 
calculated by dividing the LA volume by the estimated body 
surface area [16]. The normal value of the LA volume index 
has been reported to be 20±6 ml / m2 [17]. All measurements 
were made according to the guidelines of the American 
Society of Echocardiography [18].

LV end-diastolic and end-systolic volumes (LVEDV, 
LVESV) were determined using the Teichholz equations: 
LVEDV (ml) = [7 / (2.4 + LVEDD)] × LVEDD3 and LVESV 
(ml) = [7 / (2.4 + LVESD)] × LVESD3. Using the Devereux 
formula [19], left ventricular masses (LVM) were calculated: 
LVM = 0.8 (1.04 (IVSd + LVDD + PWd)) 3 – (LVDD) 3) 
+ 0.6. Left ventricular mass indexes (LVMI) were obtained 
by dividing LVM by body surface area. In a study where all 
participants were women, LVMI values greater than 99 g / m² 
were considered as evidence of LV hypertrophy [20]. Mitral 
early diastolic (E), and late diastolic (A) velocities were 
measured with PW Doppler during diastole by placing 
sample volume at the tips of mitral leaflets, and the ratio of 
the early (E) to late (A) ventricular filling velocities (E / A) 
was calculated.

A pulsed Doppler sample volume of 5 mm at transducer 
frequencies of 3.5–4.0 MHz was used for TDI. Spectral 
Doppler signal filters were set to obtain a Nyquist limit 
of  15  to 20 cm / s with minimal optimal gain settings. 
The  sweep speed was 50 to 100 mm / s. A single-lead ECG 
was recorded simultaneously. In the apical four-chamber view, 
the sample volume was subsequently placed at the levels of 
the LV lateral mitral annulus, septal mitral annulus, and RV 
tricuspid annulus. The sampling window was positioned as 
parallel as possible to the myocardial segment of interest to 
obtain the optimal angle of imaging. Peak systolic (Sm), early 
diastolic (Em), late diastolic (Am) myocardial velocities were 
obtained from the mitral and tricuspid annulus. The diastolic 
myocardial velocity ratio (Em / Am) ratio for both ventricle 
and the ratio of the early transmitral flow velocity to the early 
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diastolic tissue velocity (E / Em) for the left ventricle were 
calculated. Grade I diastolic dysfunction was defined as 
a mitral E / A ratio <0.8, isovolumic relaxation time ≥100 ms, 
septal and lateral mitral annular E wave (Em) <8 cm / s, and 
mean E / Em ≤8 by TDI [21]. Time intervals from the onset of 
the P wave on the surface ECG to the beginning of the A wave 
(PA), representing atrial conduction, were obtained from 
the lateral mitral annulus, septal mitral annulus, and tricuspid 
annulus and named PA lateral, PA septum, and PA tricuspid, 
respectively. The difference between PA lateral and PA 
tricuspid (PA lateral – PA tricuspid) was defined as inter-atrial 
EMD. The difference between PA septum and PA tricuspid 
(PA septum – PA tricuspid) was defined as intra-atrial EMD 
(Figure 1).

Hepatic Ultrasonography
An experienced gastroenterologist performed hepatic USG 

on all patients using a 3.5MHz convex probe with the GE 
LOGIQ P5 USG device. NAFLD was evaluated based on the 

presence of hepatic brightness, hepatorenal echo contrast, deep 
attenuation, and vascular turbidity in the USG [22]. According 
to these criteria, hepatosteatosis was classified as grade 1, 2, or 
3. Grade 1 (mild hepatosteatosis): minimal diffuse increase 
in hepatic echogenicity; the edges of the intrahepatic vessels 
and diaphragm can be seen as normal. Grade 2 (moderate 
hepatosteatosis): moderate increase in hepatic echogenicity; 
the edges of intrahepatic vessels and diaphragm are not 
seen very well. Grade 3 (severe hepatosteatosis): significant 
increase in echogenicity, lack of ultrasonic wave penetration 
into the posterior segment of the right liver lobe, and pure or 
no visualization of the hepatic vessels, and diaphragm. Those 
patients with grade 2–3 hepatosteatosis were included in 
the  NAFLD group, and those with grade 0 hepatosteatosis 
were included in the control group. Those with Grade 1 
hepatosteatosis were excluded.

Ethics Statement
The protocol of the present study was reviewed and 

approved by the institutional review board before onset 
(approval date: November 27, 2019; number 5). The research 
was conducted in accordance with the Declaration of Helsinki.

Statistical Analysis
The Shapiro-Wilk test was used to determine the normality 

of distributions. Normally distributed, continuous variables 
are expressed as mean ± standard deviation (SD), and non-
normally distributed variables are expressed as median 
(interquantrile range, 25-75th percentiles (Q1-Q3)) 
Categorical variables are expressed as percentages. For 
categorical variables, the differences between the groups were 
compared with the Chi-square test. According to the normality 
of the distributions, the differences between the groups were 
compared with the Student t-test or the Mann-Whitney U test. 
The correlation between the laboratory and echocardiographic 
findings and inter- and intraatrial-EMD was analyzed with 
Spearman’s test. A value of p<0.05 was considered statistically 
significant. Statistical analysis was performed using SPSS for 
Windows version 22.0 (SPSS Inc., Chicago, USA).

Results
45 female patients (group 1) diagnosed as NAFLD 

formed the study group, and 31 healthy women (group 2) 
comprised the control group. The demographic data and 
laboratory findings of the groups were similar (Table 1). 
Standard echocardiographic measurements are listed in 
Table 2.

The data obtained from TDI are shown in Table 3. Also, 
comparisons of electrical conduction functions between 
groups are shown in Figure 2. Lateral PA (70.1±5.2 ms and 
66.0±4.4 ms, respectively; p=0.001), septal PA (62.4±4.4  ms 
and 60.1±4.3 ms, respectively; p=0.033), inter EMD (16.1±3.4 

Figure 1. Measurement of myocardial conduction  
velocity and atrial conduction time on tissue Doppler image
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ms and 12.5±2.3 ms, respectively; p<0.001), and intra EMD 
(8.4±1.6 ms and 6.6±1.6 ms, respectively; p<0.001), which are 
the parameters showing atrial EMD, were significantly higher 
in the NAFLD group than the control group. Tricuspid PA 
was similar between groups. (14.2±2.2 ms and 14.1±2.4 ms, 
respectively; p=0.829) (Figure 2).

Table 1. Demographic and laboratory values of the groups
Parameters Group 1 (NAFLD), n=45) Group 2 (Control), n=31 p

Age (yrs) 31.3±3.8 32.5±3.6 0.190
BMI (kg/m2) 25.7±2.6 24.8±2.7 0.154
Systolic BP (mmHg) 125.7±9.2 126.5±7.1 0.689
DiastolicBP (mmHg) 76.2±7.8 76.0±7.1 0.885
Heart rate (beats/min) 80.8±10.6 78.3±11.0 0.321
FBG (mg/dl) 86.7±8.6 85.1±7.7 0.391
Total Cholesterol(mg/dl) 180.9±29.6 171.8±27.8 0.181
Triglyceride (mg/dl) 194.00 (155.50-213.50) 123.00 (80.00-160.00) <0.001†

HDL Cholesterol(mg/dl) 38.00 (34.00-43.00) 48.00 (40.00-55.00) <0.001†

LDL Cholesterol (mg/dl) 113.00 (96.50-133.00) 103.00 (84.00-115.00) 0.005†

AST (IU/l) 19.00 (15.00-25.00) 17.00 (15.00-18.00) 0.034†

ALT (IU/l) 26.00 (20.00-30.00) 14.00 (12.00-18.00) <0.001†

Hemoglobin (g/dl) 12.7±1.5 12.7±1.0 0.887
Leukocytes (#/µl) 8.4±2.2 7.3±2.3 0.054
Platelets (#/µl) 290,000 (245,000-332,500) 287,000 (245,000-332,000) 0.933†

Data are mean ± SD or median (interquantrile range, Q1-Q3). †Mann–Whitney U test. BMI, body mass index; BP, blood pressure; FBG, fasting 
blood glucose; HDL, high density lipoprotein; LDL, low density lipoprotein; AST, aspartate transaminase; ALT, alanine transaminase.

Table 2. Comparisons of standard  
echocardiographic measurements of the groups

Parameters
Group 1 

(NAFLD), 
n=45

Group 2 
(Control), 

n=31
p

LVDD (mm) 43.7±2.8 41.7±2.6 0.002

LVSD (mm) 30.2±3.0 28.8±3.6 0.056

IVSd (mm) 10.3±1.3 9.0±1.2 <0.001

PWd (mm) 9.4±1.21 8.2±1.2 <0.001

LVEF (%) 64.5±4.1 67.2±1.7 0.001

LA (mm) 31.1±3.4 29.1±2.7 0.007

RA (mm) 30.4±5.4 29.7±4.6 0.571

RV (mm) 28.6±3.0 27.1±2.5 0.026

LA volume (ml) 28.9±2.5 31.3±2.3 0.026

LAVI (ml/ m2) 19.1±1.6 17.2±1.2 <0.001

RA area (mm2) 13.2±1.2 11.8±0.9 <0.001

TAPSE (mm) 29.5±2.6 29.1±2.9 0.601

LVEDV (ml) 127.3±17.2 115.4±14.8 0.003

LVESV (mlL) 59.9±12.3 54.4±13.6 0.067

LVM (g) 144.4±30.2 109.6±20.9 <0.001

LVMI (g/m2) 80.6±17.5 65.2±12.1 <0.000

E velocity (cm/sec) 72.0±11.7 80.8±10.1 <0.001

A velocity (cm/sec) 60.9±13.7 61.7±9.6 0.744

E/A ratio 1.2±0.3 1.3±0.3 0.115

E/A<1 9 (20.0) 2 (6.5) 0.099

Data are mean ± SD or n (%).  
LVDD, left ventricular diastolic diameter; LVSD, left ventricular 
sistolic diameter; IVS, inter ventricular septum thickness;  
PW, posterior wall thickness; LVEF, left ventricular ejection 
fraction; LA; left atrium; RA, right atrium; RV, right ventricle; 
TAPSE, tricuspid annular plane systolic excursion; LVEDV (ml), left 
ventricular end diastolic volume; LVESV. left ventricular end diastolic 
volume; LVM, left ventricular mass; LVMI, left ventricular mass 
index; E, early diastolic velocity; A, late diastolic velocity.

Table 3. Tissue doppler  
echocardiographic findings of the groups

Parameters
Group 1 

(NAFLD), 
n=45)

Group 2 
(Control), 

n=31)
p

Lateral Sm (cm/s) 9.3±2.7 10.0±2.6 0.250

Lateral Em (cm/s) 13.5±3.9 15.6±3.5 0.020

Lateral Am (cm/s) 12.4±2.4 9.3±2.6 <0.001

Septal Sm (cm/s) 8.5±2.2 9.6±1.9 0.029

Septal Em (cm/s) 9.8±2.4 13.1±2.8 <0.001

Septal Am (cm/s) 10.3±2.3 9.1±1.6 0.015

Tricuspid Sm (cm/s) 14.2±2.2 14.1±2.4 0.829

Tricuspid Em (cm/s) 14.0±4.0 15.6±3.9 0.110

Tricuspid Am (cm/s) 16.7±4.6 13.8±4.4 0.009

Lateral E/Em 5.8±1.9 5.5±2.0 0.611

Septal E/Em 7.8±2.2 6.5±2.0 0.013

Lateral Em/Am 1.1±0.3 1.8±0.6 <0.001

Septal Em/Am 1.0±0.4 1.5±0.5 <0.001

Tricuspid Em/Am 0.9±0.3 1.3±0.5 <0.001

Data are mean±SD. Sm, systolic myocardial wave;  
Em, diastolic early myocardial wave; Am, diastolic late myocardial 
wave; E, diastolic mitral flow early wave velocity; A, diastolic mitral 
flow late wave velocity; Inter EMD, electromechanical delay between 
the atria; Intra EMD, electromechanical delay in the right atrium.
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Correlations of inter-atrial EMD and intraatrial-EMD with 
laboratory and echocardiographic findings are presen ted in 
Table 4.

The NAFLD group was divided into two groups: those with 
left ventricular hypertrophy (>99 gr / m2) and those without left 
ventricular hypertrophy (<99 gr / m2) according to the LMCI 

value. Structural and electrical function markers are compared 
between the two groups in Table 5.

Dıscussıon
This study showed that non-obese NAFLD was significantly 

associated with interatrial, and intraatrial EMD. These findings 
may be related to structural changes such as IVSDd, PWd, LA 
volume, LAVI, RA area, LVMI, and alterations in LV diastolic 
function parameters.

NAFLD is observed in 25 % of the world population and 
is the most important cause of liver failure [23]. The most 
important cause of mortality due to NAFLD is cardiovascular 
disease. While the prevalence of NAFLD is 15 % in those with 
normal weight and without metabolic risk factors, it can reach 
90 % in the presence of diabetes mellitus, hyperlipidemia, and 
obesity [24]. Thus, NAFLD is an important public health 
problem due to its high incidence and its close relationship 
with cardiovascular disease [23,  25]. In the etiology of non-
obese NAFLD, besides genetic diseases such as palatine-like 
phospholipase domain-containing 3 (PNPLA3), hypertension, 
dyslipidemia, and an increase in food consumption with a high 
content of   fructose and cholesterol, and sedentary life are also 
blamed [26, 27].

NAFLD is generally asymptomatic and diagnosed 
incidentally in laboratory tests performed for other reasons. 
Although the most common laboratory finding is several-fold 
increased transaminases (AST, ALT), transaminases may be 
within normal limits in many patients [28]. Although it does not 
have clinical significance, steatosis is generally graded between 
grades 1–3. Therefore, liver USG is important and widely used 
in the diagnosis of moderate and severe hepatosteatosis due 
to its easy access, high sensitivity, and specificity. In this study, 
hepatosteatosis was diagnosed with USG, consistent with the 
literature [29].

Arrhythmias are one of the main cardiovascular diseases in 
which NAFLD causes an increased risk. Clinical studies have 
found that NAFLD is associated with increased frequency of 
supraventricular and ventricular arrhythmias [30, 31]. AF is 
the most common arrhythmia in these patients with increased risk 
of NAFLD [32, 33]. Subcomponents of metabolic syndromes 
such as diabetes mellitus, hypertension and hypertriglyceridemia, 
which frequently accompany NAFLD, have also been shown 
to be associated with increased risk of AF [7]. Advanced age 
and male gender are other clinical conditions associated with 
increased risk of AF [34]. To prevent the confounding role of 
these factors, this study included only participants who did 
not have additional risk factors for AF. The low incidence and 
prevalence of AF, together with the low cardiovascular risk status 
of the female gender in the pre-menopausal period, was the main 
reason we choose women as participants.

The pathogenesis of obese and non-obese NAFLD is 
still unclear. Some clinical studies of obese NAFLD patients 

Table 4. Correlation coefficients between  
inter- and intra-atrial electromechanical delay 
and laboratory and echocardiographic findings

Inter-atrial EMD Intra-atrial EMD

r p r p

Inter-atrial EMD 1.000 - 0.743 <0.001

Intra-atrial EMD 0.743 <0.001 1.000  –

ALT (IU / l) 0,331 0.003 0.348 0.002

IVSd (mm) 0.496 <0.001 0.458 <0.001

PWd (mm) 0.411 <0.001 0.342 0.003

LVEF (%) –0.256 0.025 –0.363 0.001

LA volume (ml) 0.326 0.004 0.439 0.001

LAVI 0.355 0.002 0.460 <0.001

RA area (mm2) 0.334 0.003 0.304 0.008

LVMI (g / m2) 0.335 0.003 0.298 0.009

Lateral PA 0.520 <0.001 0.296 0.010

Septal PA 0.261 0.023 0.335 0.003

Lateral E / Em –0.331 0.003 –0.309 0.007

LateralAm (cm / s) 0.309 0.007 0.339 0.003

Septal Em (cm / s) –0.238 0.038 –0.211 0.067
EMD, electromechanical delay; ALT, alanine transaminase;  
IVS, inter ventricular septum thickness; PW, posterior wall thickness, 
LVEF, left ventricular ejection fraction; LA, left atrium; LAVI, 
left atrium volume index; RA, right atrium; LVMI, left ventricular 
mass index; Em, diastolic early myocardial wave; Am, diastolic late 
myocardial wave; E, diastolic mitral flow early wave velocity.

Table 5. Comparisons of structural and electrical 
functions between patients with and without left 
ventricular hypertophy in the NASH group

Variable non-LVH, n=30 LVH, n=15 p
LA volume (ml) 19.1±1.7 19.1±1.3 1.00
TAPSE (mm) 29.3±2.4 29.8±31 0.590
Mitral E/A 1.3±0.3 1.1±0.3 0.174
Lateral E/Em 5.9±1.8 5.5±2.0 0.535
Septal E/Em 7.6±1.6 8.1±3.0 0.505
Lateral Em/Am 1.1±0.2 1.1±0.3 0.866
Septal Em/Am 1.0±0.3 0.9±0.3 0.161
İnteratriyl EMD 16.5±4.5 19.9±5.5 0.049
İntraatriyal EMD 10.0±4.2 12.5±4.7 0.096
LVM (g) 132.9±23.1 171.9±23.6 <0.001
LVMI (g/m2) 75,1±15.5 95.1±12.5 <0.001
Data are mean±SD. LA, left atrium; TAPSE, tricuspid annular plane 
systolic excursion; E, early diastolic velocity; A, late diastolic velocity; 
Inter EMD, electromechanical delay between the atria; Intra EMD, 
electromechanical delay in the right atrium; LVM, left ventricular 
mass; LVMI, left ventricular mass index.
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observed that adiponectin levels decreased, and leptin and 
proinflammatory cytokine levels increased [35]. It has been 
claimed that the increased risk of AF in obese NAFLD may 
be associated with subclinical inflammation, insulin resistance, 
autonomic dysfunction, and myocardial remodeling due 
to activation of the renin-angiotensin system [30, 36, 37]. 
It has also been claimed that insulin resistance may play a key 
role in non-obese NAFLD [38]. In the non-obese group, 
proinflammatory cytokine levels were similar to those in 
the  healthy group [38]. However, results of studies on leptin 
and adiponectin levels in non-obese patients are contradictory 
[39, 40]. It was reported that activation of phagocytic Kupffer 
cells played a main role in the development of irreversible liver 
fibrosis in mouse experiments in which non-obese modeling 
occurred with a methionine / choline deficient diet [41]. 
The  development of liver fibrosis is the main factor affecting 
the  extent of cardiac involvement [42]. The pathogenesis of 
cardiac involvement in non-obese NAFLD remains unclear. 
In this study, only cardiac structural and functional status was 
investigated in non-obese NAFLD.

Standard and TDI echocardiography methods were used 
to detect possible structural cardiac changes in NAFLD. LV 
septum (IVSDd) and posterior wall thickness (PWd), LVM, 
LVMI, LVEDV, and area values of both atria were significantly 
increased in the non-obese NAFLD group. LV hypertrophy can 
cause diastolic dysfunction and enlargement of the left atrium, 
which causes fibrosis and electrical remodeling in the atria [43]. 
To reveal the relationship between left ventricular hypertrophy 
and diastolic function and the function of the  electrical 
conduction system of the atrium, the NAFLD group was 
divided into two subgroups according to the presence of left 
ventricular hypertrophy, as defined by the LVMI value. These 
two groups were found to be similar in terms of structural 
properties, diastolic function and electrical function.

Many studies have shown that NAFLD may be associated 
with the development of LV diastolic dysfunction [44, 45]. 
A  close relationship of increased liver fibrosis with diastolic 
dysfunction has been demonstrated in non-obese NAFLD [42]. 
Insulin resistance, which plays a major role in the pathogenesis 
of non-obese NAFLD, is one of the main mechanisms related 
to diastolic function [38, 46, 47]. In this study, TDI parameters 
were used to evaluate diastolic function. The Em / Am ratios 
obtained from the tricuspid, septal and lateral annulus were 
significantly lower in the NAFLD group than the control 
group, and the septal E / Em was significantly higher. Although 
these findings are not sufficient to make a diagnosis of 
diastolic function, they may be important because they reveal 
the development of diastolic dysfunction.

These structural and functional changes at the subclinical 
level may be preliminary signs of atrial remodeling. Atrial 
EMD has been defined as a transient delay between the onset 
of electrical activity and mechanical activation of the atrial 

myocardium. Atrial EMD can be measured by invasive and non-
invasive methods [9]. TDI, a non-invasive test, is a sensitive and 
safe test used to evaluate atrial electromechanical properties 
[8]. It has been reported that EMD may be an independent 
predictor of AF development [10–12]. In this study, it was also 
observed that inter- and intra-EMD decreased significantly in 
the NAFLD patients in comparison to the control group. On 
the other hand, this amount of delay was less than the predictive 
levels reported in the literature [10–12].

The correlation of structural and electrical function markers 
shown to affect subclinical level of inter- and intra-atrial EMD 
in non-obese NAFLD patients was examined. In this study, 
a  positive correlation was observed between inter-atrial 
EMD and intra-atrial EMD and serum alanine transaminase 
(ALT), PWd, LA volume, LAVI, RA area, LVMI, lateral PA, 
septal PA, IVSDd, and lateral Am. In addition, a negative 
correlation was observed between inter-atrial EMD and intra-
atrial EMD and LVEF, lateral E / Em and septal Em. This study 
showed that, even in the case where the subcomponents of 
metabolic syndrome were not present, there was a subclinical-
level deterioration in the cardiac structure and the electrical 
system in the early period of NAFLD. Considering 
also the  comorbidity of increased metabolic syndrome 
subcomponents in non-obese NAFLD, the fact that metabolic 
syndrome subcomponents that would make cardiac influence 
more noticeable were used as exclusion criteria in this study 
and, thus, may explain the subclinical level of affectedness. 
While liver fibrosis was not investigated here, another reason 
for the subclinical level of influence may be the low probability 
of liver fibrosis indicated by that the participants did not have 
clinical signs of steatohepatitis.

It appears that the only study showing EMD in NAFLD 
was reported by Ozveren et al. [48]). However, in that 
study, patients with NAFLD were obese. Obesity causes an 
independent increase in risk for development of AF [49]. In 
addition, obesity is a disease that can cause inter- and intra-
atrial EMD [13].

To the best of our knowledge, the current study is 
the  first to show atrial EMD in non-obese NAFLD patients. 
The current findings also showed that, even if patients appear 
healthy, NAFLD is not actually an innocent disease, so early 
diagnosis and treatment may be important to prevent long-
term cardiovascular complications. Additionally, due to 
the design of this study, the results may be useful by showing an 
independent effect of NAFLD on the risk of AF development 
in the long term.

Limitations
The small number of patients and the cross-sectional study 

design are limitations. Moreover, since larger prospective 
studies are needed to confirm the relationship of these preli-
minary results with the development of AF, the significance 
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of the results in clinical practice is not yet known. In this 
study, the TDI technique, which is a sensitive technique, was 
used. A even more sensitive technique such as the myocardial 
deformation imaging technique would have made the findings 
more definite. Also, hepatosteatosis was diagnosed with hepatic 
USG. Since the patients were not biopsied, their diagnosis 
of hepatosteatosis was not confirmed pathologically and 
the  possibility that steatohepatitis might have been confused 
with NAFLD can not be excluded. In addition, the present 
findings may not include patients with mild hepatosteatosis, 
since patients in the NAFLD group consisted of grade 
2–3 patients. Also, semi-quantitative ultrasonographic indices 
[50] were not used. This study was conducted with a relatively 
small number of participants since NAFLD was frequently as-
sociated with metabolic disorders such as obesity, hyper tension, 
diabetes mellitus, and its incidence in women is lower than in 

men [51]. The applicability of the results to men and women 
over the age of 40 is controversial.

Conclusion
This study showed significant delays and subclinical-level 

structural and functional deterioration in the inter-atrial and 
intra-atrial EMD of the young women with non-obese NAFLD 
in comparison to healthy volunteers. The results of this study 
may be encouraging for large-volume and prospective studies 
that aim to show the predictive value of atrial EMD in AF 
development in NAFLD and include non-obese NAFLD 
patients with silent atrial fibrillation in one of their groups.
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