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. STE has been recently used
in obese adolescents with NAFLD,
demonstrating significant decrease of LV
global longitudinal systolic strain in obese
than lean individuals.

A recent study has shown an
association between NAFLD and
subclinical myocardial dysfunction using
the STE.

The selected population in this study
is more homogenous and the two study
groups are well matched, allowing a
more accurate comparison. Additionally,
the contributing factors are considered
. Due to the paucity of such studies,
further work is required.

Background: Considering the association between cardiac
abnormalities and non-alcoholic fatty liver disease (NAFLD),
the present study aimed to evaluate the relationship between
biopsy-proven NAFLD and functional echocardiographic
parameters, including left ventricular (LV) global longitudinal
strain (GLS) in asymptomatic individuals.

Methods: Thirty asymptomatic patients with liver biopsy-proven
NAFLD and the same number with no evidence of fatty liver in
ultrasonography were enrolled in the study as cases and controls,
respectively. The measured echocardiographic parameters
included LV ejection fraction (LVEF), LV end-systolic and
end-diastolic dimensions (ESD, EDD), LV end-systolic and
end-diastolic volumes (ESV, EDV), E/e’ ratio (early-diastolic
mitral inflow velocity/early-diastolic myocardial velocity), E/A
ratio (early-diastolic mitral inflow velocity/late-diastolic mitral
inflow velocity), and GLS. Data were analyzed using the SPSS
statistical software (version 18.0) by performing the independent
t test, Chi-square, and non-parametric Mann-Whitney U tests.
P values <0.05 were considered statistically significant.

Results: A significant difference in ESD (32.1£1.4 mm vs.
34+1.8 mm), EDD (41.9+£1.7 mm vs. 45.2+3.1 mm), and E/¢’
ratio (8.4+0.8 vs. 7.4+1.2) was detected among individuals with
NAFLD compared with those without NAFLD (P<0.001 for the
first two parameters and P=0.002 for the last one). GLS was
also significantly lower in NAFLD patients than in controls, but
within normal levels (19.3%+2.0 vs. 21.2%+1.4, P<0.001).
Conclusion: The findings support the presence of subclinical
cardiovascular structural and functional changes in patients
affected by NAFLD. It also indicates that the use of GLS is more
sensitive than LVEF for the detection of LV systolic dysfunction
in NAFLD patients.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is now the most
frequent chronic liver disease across all age groups worldwide,
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representing a serious and growing clinical
problem due to the increased prevalence of
overweight and obesity. Itis characterized by fatty
infiltration of hepatocytes in the presence of less
than 30 g (three units) of alcohol consumption
per day for men and 20 g (two units) per day for
women without evidence of other causes of liver
disease."?

NAFLD includes a wide spectrum of
liver disease presentation, ranging from
simple steatosis to co-existent inflammation
with hepatocyte ballooning and necrosis,
variable grades of fibrosis, and cirrhosis and
hepatocellular  carcinoma."®  Non-alcoholic
steatohepatitis (NASH) is a slowly progressive
disease representing the most extreme form of
NAFLD (i.e. the ‘inflammatory’ component in
addition to steatosis), which carries a higher risk
of cardiovascular disease (CVD) and mortality
than simple steatosis.* In addition, NAFLD
has been identified as a risk factor for early
subclinical abnormalities in cardiac structure and
function, including increased risk of coronary
artery disease, left ventricular (LV) dysfunction
and hypertrophy, heart failure, valvular heart
disease and arrhythmias. NAFLD has been
shown to exacerbate the systemic/hepatic
insulin resistance and atherogenic dyslipidemia
and is strongly associated with obesity and
hypertension. It is now regarded as the hepatic
manifestation of the metabolic syndrome, which
makes the affected individuals susceptible to
premature atherosclerosis. The release of a
variety of pro-inflammatory, pro-coagulant, and
pro-fibrogenic mediators in this condition may
play important roles in the pathophysiology of
cardiac and arrhythmic complications.>”

Speckle-tracking echocardiography (STE), a
new non-invasive ultrasound imaging technique,
allows an objective and quantitative evaluation
of global and regional myocardial function
independently from the angle of insonation
and cardiac translational movements based
on an analysis of the spatial dislocation of
speckles on routine 2-dimensional sonograms.
Hence, because of its potential benefits in
the measurement of LV function® along with
other systolic and diastolic echocardiographic
parameters of LV function measurement, this
novel quantitative technique was used in this
study to assess the relationship between biopsy-
proven NAFLD and subclinical LV myocardial
dysfunction. To our knowledge, it has been
recently used in obese adolescents with NAFLD,
demonstrating that LV global longitudinal systolic
strain and early diastolic strain rates were
significantly decreased in obese than in lean
individuals and in obese individuals with NAFLD
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than those without NAFLD.® Another recent
study also showed an association between
NAFLD and subclinical myocardial dysfunction
using the STE."

Carabay et al. stated that patients with
NAFLD without evidence of insulin resistance
had a similar myocardial performance in STE
as compared with the normal population.™
Therefore, subclinical myocardial systolic
dysfunction has been scantily noticed in previous
studies, and more studies with more powerful
tools are required to reveal this probable
relationship, especially in the mild stages of the
disease. Consequently, the aim of this study was
to evaluate the effect of NAFLD on myocardial
performance in asymptomatic patients using a
newer and more sensitive echocardiographic
technique.

Participants and Methods

Study Population

The present case-control study was
approved and performed in accordance with the
regulations of Institutional Review Board, Shiraz
University of Medical Sciences, Shiraz, Iran. In
total, 30 outpatient individuals aged more than
18 years old with NAFLD were enrolled. These
individuals referred to the liver biopsy clinic in
Shahid Faghihi and Namazi hospitals (Shiraz,
Iran) from February 2016 to August 2016. NAFLD
was confirmed by liver biopsy in all patients.

The public was invited to participate in
the evaluation via a general announcement
throughout the premises of both hospitals.
Among those who accepted the invitation, 30
healthy individuals were selected as controls.
They voluntarily underwent liver ultrasonography
that showed no evidence of NAFLD. The control
group was matched with the fatty liver group
for age, sex, anthropometric features (BMI),
lipid profile and lifestyle habits (smoking and
physical activity according to patients’ self-report
questionnaire data). Bouchard physical activity
questionnaire was used for the estimation of
physical activity.” All participants were selected
among those with resting heart rate between 60
to 80 beats per minute. The liver enzymes of
the case group were measured in the Namazi
research laboratory. The results showed that
10 patients had elevated liver enzymes and the
remaining 20 patients had normal liver enzymes.
All individuals in the control group had normal
liver enzymes.

The exclusion criteria were a sedentary
lifestyle, history of using hepatotoxic drugs or
herbal supplements, and history of viral hepatitis
or chronic liver disease (hemochromatosis,
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Wilson’'s disease, autoimmune hepatitis,
alpha 1-antitrypsin deficiency, alcohol-induced
or drug-induced liver disease, cirrhosis,
etc.). Additionally, those with a history of
alcohol consumption as well as medications
(estrogens, amiodarone, diltiazem, steroids,
and tamoxifen), and postmenopausal women
were excluded. The presence of hypertension,
significant disturbances in sinus rhythm (other
than infrequent premature complexes or sinus
arrhythmia), and ischemic or valvular heart
disease were the other exclusion criteria.

In line with previous studies,’® a sample
size of at least 30 participants in each group
was considered; providing the study power of
80% and a type | error of 5% according to the
following formula:

26%(z, ,, +2,,)
1-0, 1-B
n=(1-p) é

06=25,d=1.2, p=0.5

The convenience sampling method was used
for selecting the patients and normal individuals.
The excluded individuals were replaced with
others who met the eligibility inclusion criteria.

The present study was approved by the
Ethics Committee of Shiraz University of Medical
Sciences (Shiraz, Iran). Written informed
consent was obtained from the participants after
being debriefed about the objectives of the trial
and the non-invasive assessment method.

2

Liver Biopsy

All 30 patients were selected among those
who were referred for percutaneous liver
biopsy. The hematologic abnormalities and
other contraindications of the procedure were
assessed after initial liver ultrasonography. Then,
liver biopsy was performed by radiologists and
samples were sent to the pathology laboratory
to determine the presence of NAFLD. The
patients with characteristics other than simple
steatosis were replaced by those who met both
the inclusion and exclusion criteria and their liver
biopsy did not show any sign of inflammation or
necrosis.

Echocardiographic Examination

All participants underwent a 2-dimensional
transthoracic ~ echocardiography, including
STE using a Vivid E9 system (GE, Norway).
All echocardiographic measurements were
performed and analyzed by an echocardiologist
who was blinded to the patient group assignment,
according to the latest recommendations by the
American Society of Echocardiography.”™ The
same ultrasound machine was used to acquire
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all echocardiograms. The echocardiographic
examinations were done within one week
after taking the liver biopsy in NAFLD patients
and within one week after performing liver
ultrasonography in controls; considering the
stability of hemodynamic status at the time
of echocardiography using heart rate, blood
pressure, and clinical judgment about body fluid
balance. The end-systolic and end-diastolic
dimensions (ESD, EDD) and end-diastolic
ventricular septal thickness were measured via
M-mode. The LV ejection fraction (LVEF) and
end-systolic and end-diastolic volumes (ESV,
EDV) were calculated from the 4- and 2-chamber
apical views using the modified Simpson’s biplane
method. Left ventricular global longitudinal
strain (GLS) was measured using STE at a
frame rate of 43 to 60 fps. On 2-dimensional
echocardiography, the GLS describes the
relative length change of the LV myocardium
between end-diastole and end-systole. After
optimizing image quality, maximizing frame
rate and minimizing foreshortening, peak mid-
wall GLS measurement was taken in the three
standard apical views and averaged by AFI
(automated function imaging) application and
demonstrated in Bull's eye plot (figure 1).

Previous studies have demonstrated that GLS
values are more negative than -16% in healthy
individuals and a cut-off point at -16% has been
shown to provide important risk stratification
and prognostic value.™ Diastolic function was
assessed by tissue Doppler imaging (TDI). TDI-
derived early-diastolic myocardial velocity (e’)
obtained at the medial side of the mitral annulus,
E/e’ ratio (a marker of left atrial (LA) pressure),
and E/A ratio that determines the severity of
diastolic dysfunction. The E/A ratio <1.5 along
with both E/e’ ratio <15 and e’ velocity >8 cm/sec
was considered as the normal diastolic function;
otherwise the participants were characterized to
have diastolic dysfunction.

Statistical Analysis

All statistical analyses were performed with
the statistical package for social sciences,
version 18.0 (SPSS Inc., Chicago, IL, USA).
Using the Kolmogrov-Smirnov test, the
distribution of values in all variables was studied.
The non-parametric Mann-Whitney U test was
used for the comparison of E and A velocities in
both groups (cases and controls) and variables
were expressed as median plus the interquartile
range of 25" and 75" percentiles (Q1-Q3). The
independent sample t test and Chi-square test
were used for normally distributed continuous
and categorical parameters, respectively.
All continuous variables were expressed as
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meanzSD (standard deviation) and categorical
variables were expressed as number (n) and
percentage (%). A two-sided P value <0.05 was
considered statistically significant.

Sixty individuals were enrolled in the present
study. The mean age of the participants was
38.4+5.0 and 36.944.5 years old in the case and
control groups, respectively, ranging from 28 to
44 years in both groups. Among the patients
with NAFLD, 53.3% were male and 46.7% were
female, with a similar sex distribution in the
control group.

The participants that had diastolic dysfunction
in the NAFLD and control groups were 16.7%
and 10%, respectively (P=0.440). The Ele’
ratio was significantly higher in the NAFLD
group (8.4+0.8 vs. 7.4+1.2, P=0.002). The
difference in E/A ratio between the groups was
not significant (P=0.440). ESD and EDD had
a significant difference between the case and
control groups (32.1+1.4 mm vs. 34+1.8 mm and
41.9+1.7 mm vs. 45.2+3.1, respectively, both P
values were <0.001). GLS was also significantly
lower in NAFLD patients than in controls, but
within normal values (19.3%%2 vs. 21.2%+1.4,
P<0.001). However, the difference in ventricular
septal thickness between the groups was not
statistically significant (P=0.450). LVEF was also
statistically insignificant between the groups
(P=0.753). Table 1 shows the distribution of
individuals with abnormal values of lipid profile
components in each group. The demographic
and echocardiographic characteristics of the
participants are summarized in table 2.

In the present study, the cardiac structure and
function in patients with NAFLD were examined
which showed significant differences from the
normal population. The end-systolic and end-
diastolic dimensions, but not volumes, were
significantly lower in participants with NAFLD
than those without; however, all variables
were still within the normal range. This result
is inconsistent with the findings of Sert et al.

Cardiac dysfunction in NAFLD

who demonstrated higher ESD and EDD in
obese adolescents with NAFLD than the normal
population.”™ In addition, ventricular septal
thickness was not different between the case
and control groups, which is also incongruent
with most of the previous studies that revealed
higher values of septal thickness and LV mass
in both children and adults with fatty liver.'¢-'®
The selection of patients among those with
more mild stages of the disease may justify
the inconsistency between our results and the
above-mentioned studies.

In an echocardiographic assessment, Petta et
al. showed that after adjusting for cardiometabolic
confounders, diastolic posterior wall thickness, LV
mass, relative wall thickness, and left atrial volume
were linked to severe liver fibrosis. Therefore, the
morphological and functional cardiac alterations
in NAFLD are more pronounced according to
the severity of fibrosis.' Fallo et al. showed that
NAFLD patients had a similar prevalence of LV
hypertrophy compared to those without NAFLD
who were matched with the cases by sex, age,
and blood pressure levels.?’ Furthermore, in a
study by Singh et al., relative wall thickness was
not significantly different between the groups
and was normal for age in most patients.® The
diversity of selected populations in previous
studies in terms of matched items between the
groups does not justify the observed differences
between studies in determining the effects
of NAFLD on LV geometry. Even in similarly
matched groups, there is still a striking difference
between the results.

The patients with NAFLD were characterized
by significantly lower e’ velocity and higher E/e’
ratio in comparison with age- and sex-matched
individuals without NAFLD; suggesting the
adverse effects of NAFLD on diastolic indices,
which is in concordance with the previous
studies.®1%-182021  Using multivariate analysis,
Goland et al. and Kim et al. demonstrated that
the e’ velocity on TDI was the only independent
parameter associated with NAFLD.'®22 Both
E/A and E/e’ ratios are reliable markers of LV
diastolic function. In the present study, E/e’
ratio was shown to be more sensitive than E/A
ratio for the detection of diastolic dysfunction
in NAFLD, as identified in other conditions.?®2*

Table 1: Distribution of individuals with normal serum lipid profile components in the NAFLD and control groups

Serum lipid profile components NAFLD group (n=30) Control group (n=30) P value
Triglyceride (<150 mg/dL) 20 (66.67%) 19 (63.34%) 0.999
Total cholesterol (<200 mg/dL) 18 (60%) 18 (60%) >0.999
HDL (>40 mg/dl in female and>50 mg/dL in male) 22 (73.34%) 24 (80%) 0.760
LDL (<130 mg/dL) 19 (63.34%) 21 (70%) 0.784
HDL: High-density lipoprotein; LDL: Low-density lipoprotein
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Table 2: Comparison of demographic characteristics and echocardiographic data in the NAFLD and control groups

Variable NAFLD group (n=30) Control group (n=30) P value
Demographic characteristics

Age (years) 38.415 36.9+4.5 0.108
Male (n, %) 16 (53.3%) 15 (50%) 0.790
BMI (kg/m?) 25.84+2.16 25.73+2.29 0.848
Smoking history (yes: n, %) 3 (10%) 5(16.7%) 0.440
Echocardiographic data

Diastolic dysfunction (yes: n, %) 5(16.7%) 3 (10%) 0.440
E velocity (m/sec) 1.03 (0.8-1.3) 1.12 (0.8-1.4) 0.230
A velocity (m/sec) 0.92 (0.6-1.2) 0.97 (0.6-1.3) 0.470
e’ velocity (cm/sec) 11.5¢1.2 14.8+1.6 <0.001
E/e’ ratio 8.4+0.8 7.4+1.2 0.002
E/A ratio 0.9+0.3 1+0.S3 0.440
Ventricular septal thickness (mm) 8.6+0.8 8.841.1 0.450
ESD (mm) 32.1+1.4 34+1.8 <0.001
EDD (mm) 41.9+1.7 452431 <0.001
ESV (mL) 39.6+8.55 41.317.6 0.419
EDV (mL) 90.36+13.08 95.7+11.1 0.093
LVEF (%) 56.7+4.6 57.145.2 0.753
GLS (%) 19.3+2 21.2+14 <0.001

E and A velocities are expressed as median (Q1-Q3), other variables as meant+SD or number. BMI: Body mass index;
E: Early-diastolic mitral inflow velocity; e: Early-diastolic myocardial velocity; A: Late-diastolic mitral inflow velocity;
ESD/V: End-systolic dimension per volume; EDD/V: End-diastolic dimension per volume; LVEF: Left ventricular ejection fraction;

GLS: Global longitudinal strain

GLS, an indicator of systolic function, was
decreased in patients with NAFLD compared
with those without NAFLD; indicating greater
subclinical systolic dysfunction in NAFLD
patients. This result is similar to those stated by
Singh et al. and VanWagner et al. on decreased
value of GLS in adolescents and adults
with NAFLD.®'® The presence of LV systolic
dysfunction in patients with NAFLD has been
mentioned in previous studies using TDI-derived
S’ velocity."®'822 However, the comparison of
LVEF between the two groups did not reveal any
significant difference, illustrating that the use of
this conventional tool would result in missing the
early stages of LV systolic dysfunction. Similarly,
a recent study has revealed slightly smaller
values of LVEF only in men with NAFLD.?®
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Figure 1: Bull's eye display of segmental and global peak-systolic longitudinal strain of a normal individual (upper) and a patien
with NAFLD (lower).

Although the pathogenesis of cardiac
dysfunction in NAFLD and especially LV systolic
dysfunction is still unclear, insulin resistance,
abnormallipid profile, and low-grade inflammation
have been suggested to be contributing factors.
In patients with NAFLD, the increase in free fatty
acids may lead to myocardial lipid deposition,
with consequent alterations in LV performance.
Furthermore, hepatic steatosis is associated with
hepatic insulin resistance causing hyperglycemia
and compensatory hyperinsulinemia, which
in turn may worsen both systemic and cardiac
insulin resistance and subsequent myocardial
dysfunction.®26:27

Despite the above-mentioned advantages
of the present investigation, in a highly
understudied population for cardiac alterations
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in NAFLD, this study has some limitation. One
limitation is related to the small sample size due
to case selection among biopsy-proven NAFLD
patients as well as excluding comorbidities and
confounding factors to enhance the study power.
In addition, most of the enrolled patients were
young-aged adults, and therefore the results
cannot be generalized to other age groups in the
population. Moreover, the potential long-term
abnormalities and their clinical consequences
were not determined.

Conclusion

The findings of this study support the presence
of subclinical cardiovascular structural and
functional changes in NAFLD patients.
However, further studies with larger and less
heterogeneous sample volumes are required to
elucidate the relationship between cause and
effect as well as the underlying mechanism of
cardiac dysfunction in NAFLD.
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