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Objectives: Non-alcoholic fatty liver disease (NAFLD) is a
multisystem disease which can affect the cardiovascular sys-
tem as well. We conducted this study to determine the car-
diac effects of NAFLD such as conduction of impulse and
ventricular repolarisation on electrocardiography (ECG).

Methods: In this study, we recruited patients with risk factors
for NAFLD (group I; n = 23) and NAFLD patients (group II;
n = 74) from Shar Hospital in Sulaimani City, Iraq. We
analysed anthropometric measurements, serum fasting lipid
profile, glucose levels, liver enzymes, and ECG recordings.

Results: ECG recordings showed significantly longer PR in-
tervals, significantly shorter QTcB and JTc intervals, and a
higher Tp-e¢/QTcB ratio in group II patients than in group I
patients. These abnormalities were not associated with risk
factors for diabetes. The TQ duration was significantly corre-
lated with serum alanine aminotransferase (r=0.411, p < 0.001)
and aspartate aminotransferase (r = 0.272, p = 0.019) levels.

Conclusion: In our study, the presence of significant ab-
normalities in ventricular repolarisation suggests that pa-
tients with newly diagnosed NAFLD have subclinical cardiac
stress and a higher risk of ventricular arrhythmias.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a multi-
system disease which induces insulin resistance, low-grade
inflammation, and oxidative stress syndrome.l It is
associated with multiple diseases which affect the
cardiovascular system, including type 2 diabetes (T2D),
hypertension, dyslipidaemia, and metabolic syndrome.
Most of the clinical burden of NAFLD is related to
cardiovascular disease,” > and NAFLD status is strongly
associated with the outcomes of cardiovascular events.
Accumulating evidence indicates that NAFLD is
independently positively associated with heart block and
cardiac arrhythmia in persons with components of
metabolic syndrome.*” NAFLD patients with T2D
presented  higher risks of premature ventricular
arrhythmias and atrial fibrillation,®’ and NAFLD was
strongly associated with prolonged corrected QT (QTc)
interval.'’ Moreover, Hung et al. (2015) reported that
severe NAFLD increased the risk of prolonged QTc
interval, regardless of diabetes status.'!

Patients with newly diagnosed NAFLD typically present
no signs or symptoms of cardiovascular disease. Electro-
cardiography (ECQG) is a simple, non-invasive test which can
show subclinical abnormalities in heart rhythm and con-
duction. This cross-sectional study investigated ECG find-
ings to identify abnormalities in ventricular repolarisation,
which are associated with increased risk of cardiovascular
events.

Materials and Methods

This study was approved by the Ethical Committee of the
Faculty of the University of Sulaimani (No. 7-29-2894). All
procedures were conducted in accordance with the Decla-
ration of Helsinki, and the patients were informed that they
were free to withdraw from the study at any time. The re-
searchers explained the study design, and all participants
provided informed consent for an ECG study before the
study began.

This cross-sectional observational study investigated ECG
abnormalities in patients with newly diagnosed NAFLD. It
was conducted from August 2018 through August 2019 in the
Department of Pharmacology, College of Medicine, Univer-
sity of Sulaimani, in cooperation with Shar Hospital in
Sulaimani City. Eligible participants were men and women
aged 30—50 years. All patients were recruited from private
clinics in Sulaimani City, and they had been referred to Shar
Hospital for further evaluation. NAFLD diagnosis was based
on ultrasonographic detection of fatty infiltration and signif-
icantly elevated levels of liver enzymes (>40 IU/L). The in-
clusion criteria were a new diagnosis of NAFLD, confirmed
by ultrasonographic evidence of liver fatty infiltration and an

abnormally high serum alanine aminotransferase enzyme
level. Participants with a history of coronary artery disease or
cardiovascular events and those currently receiving medical
treatment (e.g. macrolides, antipsychotics, antidepressants,
antihistamines, and antiarrhythmics) were excluded, as were
those who consumed alcohol (previously or currently) and
pregnant and nursing women.

Anthropometric data collected included body weight (kg),
height (m), and waist circumference (cm). Body mass index
(BMI; kg/mz) was calculated as body weight divided by the
square of theheight (mz), and waist-to-heightratio(WHeR) was
calculated as waist circumference (cm) divided by height (cm).

ECG assessment

All participants underwent 12-lead ECG with 12 standard
leads, a sensitivity of 10 mm/mV, and a recording speed of
25 mmy/s. Participants with normal sinus rhythm and no evi-
dence of ventricular hypertrophy, ischemic changes, atrial/
ventricular arrhythmias, or bundle-branch block were included
in the analysis. ECG recordings were scanned, after which the
scans were magnified with Windows Photo Viewer and the
following data were obtained: heart rate (beats/min), RR in-
terval (s), PR interval (ms), QRS wave duration (ms), QRS
dispersion (ms), measured QT (QTm) interval (ms), QTc in-
terval (ms), measured JT (JTm)interval (ms), corrected JT (JTc)
interval (ms), TQ interval (ms), R-wave amplitude at lead V5
(mV), S-wave amplitude (mV), and the summation of S (vl) and
R (v5). QTcinterval (ms) was calculated using Bazett’s formula:
QTcB = QTm/RR."

Prolongation of QTcB was defined as a value >440 ms
(for men) or >460 ms (for women). JTm was defined as QT
interval — QRS complex, and corrected (JTc) was defined as
QTcB — QRS complex. QTcB/TQ ratio was calculated by
dividing QTcB interval by TQ. This ratio represents cardiac
restitution (i.e. the duration of action potential and the
conduction velocity depending on the previous diastole) and
it shows the relationship between the duration of action
potential (represented by QT duration) and the diastolic in-
terval (represented by TQ duration). A ratio of >1.0 in-
dicates an increased risk of cardiac arrhythmia (from impulse
re-entry), notably torsade de pointes.

Tp-e interval is the interval from the peak to the end of the
T-wave, as measured by precordial leads."? The ratios of Tp-
e to QTm and to QTB were calculated using the relevant
measurements. ECG measurement and interpretation was
performed by two cardiologists.

Laboratory variables

After an overnight fast, venous blood was drawn from
each patient and centrifuged at 3000 rpm for 15 min, after
which the sera were separated for determination of lipid
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profile (including triglyceride, total cholesterol), serum
glucose, and liver enzymes (including alanine [ALT] and
aspartate aminotransferase [AST] levels) in the clinical lab-
oratories of Shar Hospital. Triglyceride index was defined as
the serum triglyceride (mg/dl) level divided by 160, and
cholesterol index was defined as the serum total cholesterol
(mg/dl) level divided by 200. ALT/AST and AST/ALT ratios
were also calculated.

Twenty-five patients (12 men and 13 women; group I)
with risk factors (including obesity, dyslipidaemia, and dia-
betes) commonly present in NAFLD patients and 76
NAFLD patients (46 women and 30 men; group II) were
enrolled in the study. Two patients in each group had
abnormal ECG findings and were excluded.

Statistical analysis

The results are presented as numbers, percentages, and
means + standard deviation. The data were analysed using the
two-tailed independent two-sample t-test (for continuousdata),
the chi-square test (for categorical data), or simple (Pearson)
correlation. All statistical analyses were performed with Excel
2007 (Microsoft Corporation, Redmond, WA, USA), and a P
value of <0.05 was considered a statistical significance in all
analyses.

Table 1: Characteristics of participants.

Results

Table 1 shows the selected characteristics and laboratory
results of the participants. Groups I and II did not differ
significantly in sex distribution or any anthropometric
variable. Group II was significantly younger than group I.
Cholesterol index, triglyceride index, and fasting serum
glucose values did not differ significantly between groups
(Table 1). ALT, AST, and their ratios were significantly
higher in group II (Table 1).

Analysis of ECGs showed that QTcB and JTcintervals were
shorter and PR interval and Tp-¢/QTcB were longer in group 11
patients than in group I patients (Table 2). ECG findings of
group II patients did not differ significantly with respect to
diabetes status (Table 3). ALT and AST were significantly
positively correlated with TQ interval (Figure 1), but not
with QTcB interval (Figure 2). Five patients in group I and
one patient in group II had prolonged QTcB intervals
(>440 ms for men; >460 ms for women). The JTc-index was
>112for 4 (17.4%) patients in group I and 26 (35.1%) patients
in group II (p = 0.108). Four patients in group I had a QTcB/
TQratio of >1.0, but none in group I1. The QTcB/QT slope (B-
coefficient) was —0.267 in group I (r = —0.421) and 0.171 in
group II (r = 0.443), which indicates a significant difference
between groups in beat recovery (Figure 3).

Variables Group I Group II P value
(n = 25) (n = 76)

Sex

Male: Female 12:13 30:46 0.453

Age (years) 51.0 £ 10.9 434 + 89 0.003

Body mass index (kg/m?) 31.5 33.7 £ 5.7 0.072

Waist circumference (cm) 106.5 + 12.3 107.1 + 9.6 0.810

Waist-to-height ratio 0.656 £+ 0.070 0.651 £+ 0.086 0.814

Triglyceride index 1.256 £ 0.650 1.057 + 0.521 0.171

Cholesterol index 0.880 £+ 0.196 0.929 £ 0.159 0.260

Diabetes (no.) 10 17 0.084

Fasting serum glucose 118.2 £ 30.1 107.6 £+ 16.3 0.203
(non-diabetic)

Fasting serum 146.3 £ 69.6 156.7 + 42.7 0.841
glucose (diabetic)

Alanine 19.1 £ 5.7 424 £ 213 <0.001
aminotransferase (U/L)

Aspartate 18.9 £ 4.3 28.5 £ 13.5 <0.001
aminotransferase (U/L)

Alanine/aspartate 1.053 + 0.383 1.593 + 0.582 <0.001
aminotransferase ratio

Aspartate/alanine 1.075 + 0.389 0.720 + 0.279 <0.001

aminotransferase ratio

The results are presented as mean + SD. P values were calculated using the two-tailed independent two-sample t-test for continuous data,
and the Chi-square test for discrete data. Group I: patients with risk factors, Group II: patients with non-alcoholic fatty liver disease.
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Table 2: Electrocardiographic findings of patients with risk factors (Group I) and patients with non-alcoholic fatty liver disease (Group

1I).
Electrocardiographic Group 1 Group 11 P value
variables (n = 23) (n = 74)
Heart rate (beats per minute) 81.4 + 14.5 79.1 £ 12.9 0.486
RR interval (ms) 745.7 £ 115.1 761.1 = 116.8 0.577
PR interval (ms) 146.3 + 25.3 161.4 + 29.8 0.021
QRS duration (ms) 584 +9.1 59.£16.4 0.725
QRS dispersion (ms) 14.3 +4/3 13.1 £5.9 0.289
QTm interval (ms) 371.7 £ 58.2 371.5 + 39.2 0.987
QTcB interval (ms) 4342 £ 77.5 324.0 + 48.4 <0.001
QT index 102.7 £ 17.6 101.1 £ 10.5 0.691
TQ interval 579.8 £ 122.1 631.3 £ 125.2 0.261
JTm duration (ms) 313.4 + 60.1 312.2 £42.8 0.932
JTc duration (ms) 375.9 £+ 80.0 264.7 + 52.0 <0.001
JT index 109.6 £ 22.6 107.5 £ 13.8 0.674
Tp-e duration (ms) 82.0 £ 18.9 77.7 + 16.6 0.339
Tp-¢/QTm 0.224 £ 0.055 0.211 £ 0.049 0.338
Tp-¢/QTcB 0.193 £+ 0.051 0.245 + 0.062 <0.001
Voltage criteria

R1+4S5 (mV) 44+24 54+£32 0.193

S1+RS (mV) 16.3 £ 4.8 173 £5.5 0.433
The results are expressed as mean + SD. P values were calculated using the two-tailed independent two-sample t-test.
Table 3: Electrocardiographic findings of non-alcoholic fatty liver disease presenting with/without diabetes.
Electrocardiographic measures Group II without diabetes (n = 59) Group II with diabetes (n = 15) P value
Heart rate (beat per minute) 79.1 £ 13.3 78.8 £ 11.7 0.928
RR interval (ms) 764.4 £ 120.5 748.5 £ 103.4 0.614
PR interval (ms) 159.0 £+ 30.7 170.7 + 24.7 0.134
QRS duration (ms) 60.0 £ 17.6 56.7 £ 10.2 0.358
QRS dispersion (ms) 13.00 + 5.9 13.3 £ 6.1 0.866
QTm interval (ms) 369.7 + 41.1 378.7 + 30.7 0.353
QTcB interval (ms) 323.2 + 50.7 327.3 +39.3 0.734
QT index 100.6 £+ 10.7 103.1 £ 9.6 0.391
TQ interval 635.5 £ 126.5 614.7 + 122.9 0.566
JTm duration (ms) 309.7 £ 44.9 322.0 + 33.1 0.246
JTc duration (ms) 263.2 + 54.3 270.6 + 42.6 0.577
JT index 106.6 £+ 14.2 111.0 £ 11.9 0.240
Tp-e duration (ms) 77.1 £ 16.7 80.0 + 16.9 0.560
Tp-¢/QTm 0.211 £ 0.050 0.212 £ 0.046 0.937
Tp-¢/QTcB 0.244 £+ 0.064 0.247 + 0.059 0.881
Voltage criteria

R1+4S5 (mV) 5.41 £ 3.27 5.49 £ 3.25 0.939

S1+RS (mV) 17.43 £ 5.75 16.6 £+ 4.47 0.563

The results are expressed as mean + SD. P value was calculated using two-tailed independent two-sample t-test.
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Figure 1: Correlations of serum liver enzymes with TQ interval in patients with non-alcoholic fatty liver disease (group II): correlation
coefficient (r) and probability (p) for alanine aminotransferase (r = 0.411, p < 0.001) and aspartate aminotransferase (r = 0.272,

p = 0.019).
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Figure 2: Correlations of TQ duration with QTcB interval (ms) in patients with non-alcoholic fatty liver disease (group I1): correlation
coefficient (r) and probability (p) for alanine aminotransferase (r = 0.172, p = 0.142) and aspartate aminotransferase (r = 0.110,

p = 0.350).
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Figure 3: Steepness restitution shows slopes for group I (—0.267) and group II (0.171). Group I: patients with risk factors; group II:

patients with non-alcoholic fatty liver disease.
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Figure 4: Schematic diagram showing the ECG changes associ-
ated with non-alcoholic fatty liver disease.

Discussion

The present results showed significant abnormalities in the
ECG records of NAFLD patients, indicating that these ab-
normalities were unrelated to risk factors, including diabetes.
The significant positive correlations between TQ interval (an
indicator of restitution steepness) and liver enzyme levels
indicate that abnormalities in ECG records reflect disease
severity. The characteristics of groups I and II did not differ
significantly. Although the patients in group II was signifi-
cantly younger, the age difference was not associated with ECG
ﬁndings.]4 Ultrasonography findings, serum levels of liver
enzymes, and the derived enzyme ratios were used to confirm
NAFLD diagnoses in group II patients. These ECG findings
can specifically be attributed to NAFLD."® Previous studies
reported that ECG abnormalities in NAFLD were limited to
QTc interval, bundle-branch block, and other ECG findings
related to coronary artery disease.'®

However, previous studies did not compare ECG findings
of persons presenting with risk factors for NAFLD. In the

present study, PR interval was longer in group II than in
group I, which is consistent with a previous study reporting
that NAFLD patients had first-degree heart block.® The
ECG records of the present NAFLD patients showed
significant shortening of the QTcB interval, which is
inconsistent with previous findings. This discrepancy is
explained by the fact that the present patients had newly
diagnosed NAFLD. Previous studies reported that QTcB
prolongation was 2.55 ms in mild NAFLD and 12.13 ms in
severe NAFLD.!%!! Moreover, indices of ventricular
repolarisation, including JTc interval and Tp-¢/QTcB in-
dex, were significantly worse in NAFLD patients, which in-
dicates that these patients have a significantly higher risk of
ventricular arrhythmias. 17,18

We noted a positive correlation between levels of hepatic
enzymes and QTcB interval, which suggests that QTcB
duration reflects disease severity. However, the correlation
was insignificant because our patients had newly diagnosed
NAFLD. TQ index is a measure of the relationship between
duration of action potential and ventricular diastole, and it
was positively correlated with QTc¢B interval in group II and
inversely correlated with QTcB interval in group I. This sug-
gests that ventricular steepness restitution (i.e. the slope of the
action potential duration in the restitution curve) in NAFLD
patients is abnormal and could result in cardiac strain and
ventricular arrhythmias.'” Ismaiel et al. (2019) concluded in
their systematic review conducted on 20 studies that
NAFLD is independently associated with prolonged QTc
interval, atrial fibrillation, and bundle-branch block.”’
Sudden cardiac death is one clinical manifestation which is
observed in patients with congestive heart failure presenting
with a high NAFLD fibrosis score.”' Therefore, our findings
are consistent with others that poor cardiovascular
prognosis is a feature of NAFLD as abnormal ventricular
repolarisation is linked with sudden death. This study adds
new information that NAFLD patients have new ECG
changes which are unrelated to the coexisting risk factors
and can predict the development of arrhythmias (Figure 4).

The strengths of this study are that our participants pre-
sented with newly diagnosed NAFLD (Group II) and risk
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factors for NAFLD (Group I). Therefore, the cause of ECG
changes (QTcB, JTc, and Tp-¢/QTcB) can be concluded to be
NAFLD rather than risk factors (e.g. obesity, dyslipidaemia,
and diabetes).

The limitations of the study include small sample size and
the variability in metabolic derangement between groups I
and II.

Conclusion

In conclusion, the presence of significant abnormalities
in ECG indices and intervals indicates that newly diag-
nosed NAFLD patients have higher risks of cardiac stress
and ventricular arrhythmias. Simple ECG studies are
useful in identifying subclinical abnormalities and deter-
mining the risk of ventricular arrhythmia in NAFLD
patients.

Recommendations

The results of this study lead us to recommend a further
study with a large sample size, adjusting the risk factors in
patients with and without NAFLD. Moreover, routine
ECG investigations of all NAFLD patients are important to
identify patients at risk of potential cardiac arrhythmias.
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