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Abstract
Objective Several studies have documented a relationship between non-alcoholic fatty liver disease (NAFLD) and structural 
heart disease, particularly diastolic function. This meta-analysis will be the first to examine the echocardiographic-derived 
cardiac function and structural characteristics in NAFLD patients, and its association with liver disease severity and meta-
bolic profile.
Methods Medline and Embase were searched and pairwise meta-analysis was conducted in DerSimonian and Laird to obtain 
the odds ratio (OR) and mean difference (MD) for dichotomous and continuous variables, respectively, to compare the effects 
of NAFLD on the echocardiography parameters.
Results Forty-one articles involving 33,891 patients underwent echocardiography. NAFLD patients had worse systolic indices 
with lower ejection fraction (EF, MD: − 0.693; 95% CI: − 1.112 to − 0.274; p = 0.001), and worse diastolic indices with 
higher E/e’ (MD: 1.575; 95% CI: 0.924 to 2.227; p < 0.001) compared to non-NAFLD patients. NAFLD patients displayed 
increased left ventricular mass (LVM, MD: 34.484; 95% CI: 26.236 to 42.732; p < 0.001) and epicardial adipose thickness 
(EAT, MD: 0.1343; 95% CI: 0.055 to 0.214; p = 0.001). An increased severity of NAFLD was associated with worse diastolic 
indices (decreased E/A ratio, p = 0.007), but not with systolic indices.
Conclusions NAFLD is associated with impaired systolic and diastolic function with changes in cardiac structure. Con-
comitant metabolic risk factors and liver disease severity are independently associated with worsening systolic and diastolic 
function.

Jie Ning Yong and Cheng Han Ng have contributed equally to this 
work and share first authorship.

Arun Sanyal and Nicholas W. S. Chew have equally supervised 
this work.

 * Mark D. Muthiah 
 mdcmdm@nus.edu.sg

 * Nicholas W. S. Chew 
 nicholas_ws_chew@nuhs.edu.sg

1 Yong Loo Lin School of Medicine, National University 
of Singapore, Singapore, Singapore

2 Division of Gastroenterology and Hepatology, Department 
of Medicine, National University Hospital, Tower Block 
Level 10, 1E Kent Ridge Road, Singapore 119228, Singapore

3 National University Centre for Organ Transplantation, 
National University Health System, Singapore, Singapore

4 Department of Cardiology, National University Heart Centre, 
National University Hospital, Tower Block Level 9, 1E Kent 
Ridge Road, Singapore 119228, Singapore

5 Cedars-Sinai Fatty Liver Program, Division of Digestive 
and Liver Diseases, Department of Medicine, Cedars-Sinai 
Medical Center, Comprehensive Transplant Center, 
Los Angeles, CA, USA

6 Division of Gastroenterology, Hepatology and Nutrition, 
Department of Internal Medicine, Virginia Commonwealth 
University, Richmond, VA, USA

http://orcid.org/0000-0002-9724-4743
http://orcid.org/0000-0002-0640-0430
http://crossmark.crossref.org/dialog/?doi=10.1007/s12072-022-10319-6&domain=pdf


270 Hepatology International (2022) 16:269–281

1 3

Graphical abstract

Keywords Echocardiography · Non-alcoholic fatty liver disease · Systolic dysfunction · Diastolic dysfunction · Structural 
heart disease · Liver disease severity · Diastolic indices · Systolic indices · Metabolic profile · Epicardial adipose thickness

Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most com-
mon chronic liver disease globally with an estimated preva-
lence of 25% in the West and 40% in Asia [1, 2]. NAFLD 
is characterized with non-alcoholic fatty liver (NAFL) and 
non-alcoholic steatohepatitis (NASH), with the latter repre-
senting a more progressive form with hepatocellular injury 
and inflammation [3]. While a spectrum of hepatic compli-
cations is associated with NAFLD such as hepatocellular 
carcinoma and cirrhosis [4], cardiovascular disease remains 
the leading cause of death in NAFLD.

While there is a strong association between NAFLD and 
structural heart disease and cardiomyopathy, this associa-
tion is not well understood. Echocardiography remains one 
of the most readily available tools in the screening of car-
diovascular disease and is recommended by the European 
Association for the Study of the Liver (EASL) and Ameri-
can Association for the Study of Liver Diseases (AASLD) 
for NAFLD [5, 6]. Recent evidence has found significant 
association between NAFLD and diastolic dysfunction [7], 
with the presence of diastolic dysfunction a known risk 

factor for cardiovascular-related morbidity and mortality 
[8]. However, conflicting evidence has been found between 
NAFLD and systolic dysfunction [9, 10]. Emerging evi-
dence on other echocardiographic-derived structural fea-
tures such as epicardial adipose thickness (EAT) have been 
shown to be thicker in NAFLD patients, with its thickness 
correlating with the severity of hepatic steatosis [11], thus 
potentially evoking unfavorable inflammatory responses in 
both hepatic and cardiac tissues. Moreover, left ventricular 
remodeling, with left ventricular mass (LVM) measure-
ments as a surrogate may result from the systemic effects 
of increased afterload and neurohormonal activation in 
NAFLD patients.

While previous meta-analyses have investigated the 
association of NAFLD and adverse structural remodeling 
and cardiac dysfunction [10, 12], we hypothesize that there 
are several underlying determinants of adverse echocar-
diographic profile in NAFLD patients that have yet to be 
explored. More specifically, the severity of liver disease 
and metabolic profile may be a part of a complex interplay 
in adverse cardiac remodeling and function. Thus, in this 
comprehensive meta-analysis, we aimed to examine the 



271Hepatology International (2022) 16:269–281 

1 3

systolic, diastolic, and structural echocardiographic char-
acteristics in NAFLD patients.

Methods

Search strategy and inclusion criteria

With reference to the Preferred Reporting Items for System-
atic Review and Meta-Analyses (PRISMA) guidelines [13], 
a search was conducted on Medline and Embase databases 
for articles relating to association of NAFLD and echocar-
diography parameters from inception to 24 September 2021 
without any date filter. The search strategy used search terms 
including ‘non-alcoholic fatty liver disease’, ‘echocardiog-
raphy’, ‘epicardial adipose tissue’ and other related terms 
in titles and abstracts (Supplementary Material 1 which 
demonstrates the full search strategy). All references were 
imported into Endnote X9 for duplicate removal. An addi-
tional manual screening of the references was conducted 
on the included articles to ensure a comprehensive search.

Eligibility and selection criteria

Four authors (JNY, CWML, YYC, ASPT) independently 
screened abstracts and conducted full-text reviews to check 
the eligibility for inclusion, with disputes being resolved by 
obtaining consensus of a fifth independent author (CHN). 
Only original studies in the English language were consid-
ered for inclusion, excluding systematic reviews, meta-anal-
yses, conference abstracts, case series, correspondence, and 
editorials. Duplicate studies inferring results from the same 
databases and pediatric studies were also removed. Studies 
were included if they evaluated at least one of the following 
echocardiography parameters: left ventricle ejection frac-
tion (LVEF), peak E wave (E), E/e’ ratio, peak A wave (A), 
E/A ratio, relaxation time, deceleration time, left ventricular 
mass (LVM), left ventricle end-diastolic diameter (LVEDD), 
left ventricle end-systolic diameter (LVESD), left atrial 
diameter (LAD), posterior wall thickness (PWT), septum 
thickness and epicardial adipose thickness (EAT) in NAFLD 
patients and controls. Diagnosis of NAFLD was determined 
either from invasive liver biopsy or non-invasive methods 
including ultrasound, magnetic resonance imaging (MRI) 
and computed tomography (CT) scan [14]. NAFLD diag-
nosis established with blood-based markers was excluded.

Data extraction and outcomes

Two pairs of authors (JNY and CWML, YYC and ASPT) 
independently extracted relevant data from the included 
articles onto a structured pro forma. Study characteristics 
including but not limited to author, year, country, region, 

income level, NAFLD diagnostic modality, patient char-
acteristics [sample size, age, gender (female), body mass 
index (BMI), underlying conditions including diabetes mel-
litus (DM), and hypertension (HTN), systolic blood pressure 
(BP), diastolic BP, and hemoglobin A1C (HbA1C)] were 
extracted.

Outcomes

Systolic cardiac function consisted of LVEF, and diastolic 
cardiac function consisted of E velocity, A velocity, E/e’ 
ratio, E/A ratio, relaxation time and deceleration time. Out-
comes relating to the cardiac structure consisted of LVM, 
LVEDD, LVESD, LVEDV, LVESD, PWT, septum thickness 
and EAT. The definition for worsening systolic function is 
the reduction of LVEF, whilst the worsening of diastolic 
function is characterized by an increase in E/e’ ratio [15]. 
Echocardiography parameters as mentioned above and per-
centage of patients with heart failure with reduced ejection 
fraction (HFrEF), and heart failure with preserved ejection 
fraction (HFpEF) were extracted. HFrEF was defined as 
LVEF less than 40% whereas HFpEF was defined as LVEF 
more than 50%. Blinded checking of the data by the authors 
was conducted to ensure accuracy of the data extracted with 
discrepancies in data were resolved through consensus. Sub-
group analysis was conducted to compare the difference 
between diagnostic modalities of NAFLD, and severity of 
liver steatosis. Severity of NAFLD was established with 
ultrasonography [14] based on the degree of echogenicity, 
visualization of the diaphragm and portal veins [16–18].

Statistical analysis and quality assessment

All analyses were conducted in R Studio (Version 4.1.0) 
using the meta package and statistical significance was con-
sidered for outcomes with a p value ≤ 0.05. Pairwise meta-
analysis was conducted in DerSimonian and Laird to obtain 
the odds ratio (OR) and mean difference (MD) for dichoto-
mous and continuous variables, respectively in correspond-
ing 95% confidence interval (CI) with the Hartung–Knapp 
estimator to stabilize the variance [19]. Statistical heteroge-
neity was assessed via I2 and Cochran Q test values, where 
an I2 value of 0–40% indicates low heterogeneity, while 
values of 30–60%, 50– 90%, and 75–100% indicate moder-
ate, substantial, and considerable heterogeneity, respectively 
[20, 21]. A Cochran Q test of p < 0.10 was considered sig-
nificant for heterogeneity. All analyses were conducted in 
random effects regardless of heterogeneity measures as it has 
been shown to produce more robust estimates compared to 
the fixed effects models [22]. Associated risk factors were 
analyzed with conventional mixed method meta-regression. 
Publication bias was examined with funnel plots for asym-
metry for outcomes with sufficient sample size (n ≥ 10). 
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Quality assessment of included articles was done with the 
Joanna Briggs Institute (JBI) Critical Appraisal Tool [23]. 
The JBI assessment rates the risk of bias of cohort studies on 
the premises of appropriateness of sample frame, sampling 
method, adequacy of sample size, data analysis, methods for 
identification and measurement of relevant conditions, sta-
tistical analysis and response rate adequacy and is the most 
widely used tool in prevalence meta-analysis. 

Results

Summary of included articles

A systemic search of the literature using the previously 
mentioned search strategy yielded 498 articles. After 
123 duplicates were removed, 290 articles were excluded 
based on study title and abstract. A total of 87 articles 
were selected for full text review, of which 41 articles 
were finally included in the meta-analysis (Fig. 1). In total, 
nine articles originated from Turkey [24–32], seven from 
South Korea [33–39], five from USA [9, 40–43], four from 
China [44–47] and Italy [48–51] each, three from Egypt 

[52–54], two from Iran [55, 56] and one from Israel [57], 
Greece [58], Brazil [59], Romania [60], Iraq [61], Poland 
[62] and India [63] each. A total of 33,891 patients were 
included in our analysis. NAFLD was defined by invasive 
liver biopsy in nine studies [25, 27, 29, 30, 32, 52, 56, 59, 
62], and by non-invasive methods, including MRI in one 
study [40], CT in two studies [9, 36] and ultrasound in 29 
studies [24, 26, 28, 31, 33–35, 37–39, 41–51, 53–55, 57, 
58, 60, 61, 63]. Publication bias was not observed during 
inspection for funnel plot asymmetry aside for LVEDD 
and LAD (Fig. 2, which demonstrates the Funnel Plots of 
Echocardiography Outcomes). All studies were assessed to 
have a low (n = 20) to moderate (n = 21) risk of bias based 
on the JBI assessment tool (Supplementary Table 3, which 
demonstrates the Subgroup by Diagnostic Modalities).

Systolic cardiac function

NAFLD patients were found to have significantly lower 
LVEF than the control group (MD: − 0.693; 95% CI: 
− 1.112 to − 0.274; p = 0.001). A summary of the results 
on systolic and diastolic cardiac function can be found in 
Table 1.

Fig. 1  PRISMA flowchart
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Diastolic cardiac function

Patients with NAFLD had significantly higher E/e’ (MD: 
1.575; 95% CI: 0.924 to 2.227; p < 0.001), A velocity 
(MD: 1.921; 95% CI: 0.543 to 3.300; p = 0.006), relaxa-
tion time (MD: 4.677; 95% CI: 0.467 to 8.887; p = 0.030), 

deceleration time (MD: 20.915; 95% CI: 5.480 to 36.350; 
p = 0.008) compared to the control group. Conversely, 
NAFLD patients had significantly lower E velocity (MD: 
− 3.581; 95% CI: − 6.151 to − 1.010; p = 0.006) and 
E/A ratio (MD: − 0.156; 95% CI: − 0.209 to − 0.102; 
p < 0.001) compared to the control group.

Fig. 2  Forest plot of left ventricular ejection fraction by diagnostic modality
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Structural heart disease and cardiomyopathy

In terms of cardiac structure dimensions, NAFLD patients 
had increased LVM (MD: 34.484; 95% CI: 26.236 to 42.732; 
p < 0.001), PWT thickness (MD: 0.667; 95% CI: 0.421 to 
0.913; p < 0.001), septum thickness (MD: 1.438; 95% CI: 
0.376 to 2.500; p = 0.008) compared to patients without 
NAFLD. EAT was also more prominent in NAFLD patients 
(MD: 0.1343; 95% CI: 0.055; 0.214; p = 0.001) relative to 
their counterparts. To date, only 2 studies evaluated HFrEF 
[41] and HFpEF [9] in NAFLD patients. The prevalence of 
HFrEF and HFpEF in the NAFLD were 23.5% and 6.9%, 
respectively. Compared to the control group, there was 
no significant difference in the odds of HFrEF in NAFLD 
patients (OR: 1.231; 95% CI: 0.628 to 2.412; p = 0.545), but 
a trend towards increased HFpEF in NAFLD patients was 
observed (OR: 1.803; 95% CI: 0.932 to 3.489; p = 0.080).

Metabolic predictors of adverse cardiac function

A summary of the results can be found in Table 2. The 
significant predictor of worsening LVEF in the NAFLD 
population is increased HbA1c (β: 0.056; 95% CI: 0.003 
to 0.108; p = 0.039). In diastolic dysfunction, an increase 
in age (β: 0.007; 95% CI: 0.002 to 0.012; p = 0.004) was 
found to be a significant predictor of increased E/e’ ratio. 

Metabolic predictors also had significant associations with 
increased LVM, which include a higher BMI (β: 0.018; 
95% CI: 0.007 to 0.030; p = 0.001), higher systolic BP (β: 
0.011; 95% CI: 0.004 to 0.017; p = 0.002) and diastolic BP 
(β: 0.020; 95% CI: 0.007 to 0.033; p = 0.003).

Severity of steatosis and cardiac function

The subgroup analysis of cardiac function based on the 
severity of steatosis reveals that the liver pathology sever-
ity correlates more with diastolic dysfunction than with 
systolic function (Table 3). No significant difference in 
LVEF was observed between the mild versus moderate-
severe steatosis. On the contrary, those with moderate-
severe steatosis had significantly larger decrease in 
E/A ratio (MD: − 0.299; 95% CI: − 0.318 to − 0.279; 
p < 0.001, Fig. 3) compared to the mild steatosis group 
(MD: − 0.127; 95% CI: − 0.250 to − 0.005; p = 0.040). 
Both mild (MD: 1.250; 95% CI: 0.199 to 2.301; p = 0.020) 
and moderate-severe steatosis (MD: 2.198; 95% CI: 0.410 
to 3.986; p = 0.020) had similar significant correlation with 
increase in E/e’ ratio, although there was no significant 
difference in the degree of increased E/e’ ratio between 
the liver severity gradings.

Table 1  Overall results for 
outcomes of echocardiography

MD mean difference, CI confidence interval, LVEF left ventricular ejection fraction, E peak E wave, A 
peak A wave, LVM left ventricle mass, LVEDD left ventricle end-diastolic diameter, LVESD left ventricle 
end-systolic diameter, LAD left atrial diameter, PWT posterior wall thickness, EAT epicardial adipose tis-
sue
*Bolded p value ≤ 0.05 denotes statistical significance

Overall

No. of studies MD (95% CI) I2 (%) Cochran Q p value

Systolic cardiac function
 LVEF (%) 31 − 0.693 (− 1.112 to − 0.274) 68.300  < 0.001 0.001*

Diastolic cardiac function
 E (cm/s) 18 − 3.581 (− 6.151 to − 1.010) 97.500  < 0.001 0.006*
 E/e’ ratio 23 1.575 (0.924 to 2.227) 98.800 0.000  < 0.001*
 A (cm/s) 16 1.921 (0.543 to 3.300) 96.800  < 0.001 0.006*
 E/A ratio 28 − 0.156 (− 0.209 to − 0.102) 90.500  < 0.001  < 0.001*
 Relaxation time (ms) 7 4.677 (0.467 to 8.887) 77.100  < 0.001 0.030*
 Deceleration time (s) 15 20.915 (5.480 to 36.350) 98.300  < 0.001 0.008*

cardiac structure
 LVM (g) 11 34.484 (26.236 to 42.732) 83.200  < 0.001  < 0.001*
 LVEDD (mm) 18 − 1.793 (− 6.632 to 3.046) 99.800 0.000 0.468
 LVESD (mm) 16 0.912 (− 0.425 to 2.250) 98.300  < 0.001 0.181
 LAD (mm) 18 − 0.454 (− 4.659 to 3.751) 99.700 0.000 0.832
 PWT (mm) 17 0.667 (0.421 to 0.913) 96.500  < 0.001  < 0.001*
 Septum thickness (mm) 20 1.438 (0.376 to 2.500) 99.900 0.000 0.008*
 EAT (cm) 7 0.134 (0.055 to 0.214) 96.400  < 0.001 0.001*
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Outcomes by diagnostic modalities

NAFLD patients by diagnosed ultrasound and CT had lower 
LVEF compared to non-NAFLD patients (Supplementary 
Table 3, which demonstrates the Subgroup by Diagnostic 
Modalities). However, biopsy proven NAFLD did not have 
significant difference in the LVEF between NAFLD and 
non-NAFLD patients (Fig. 2). On the contrary, significantly 
higher E/e’ ratio was found in NAFLD diagnosis by biopsy 
(MD: 1.089; 95% CI: 0.400 to 1.778; p < 0.001), ultrasound 
(MD: 1.856; 95% CI: 0.978 to 2.734; p < 0.001) and CT 
(MD: 0.473; 95% CI: 0.085 to 0.861; p = 0.020). Ultrasound 
proven NAFLD was also shown to result in the greatest 
increase in E/e’ ratio (p = 0.011). Diagnosis by liver biopsy 
(MD: 33.480; 95% CI: 8.699 to 58.262; p < 0.001), ultra-
sound (MD: 34.913; 95% CI: 24.919 to 44.906; p < 0.001) 
and CT (MD: 34.000; 95% CI: 23.223 to 44.777; p < 0.01) 
all resulted in a significant increase in LVM. In contrast, 

only diagnosis by ultrasound (MD: 0.178; 95% CI: 0.093 
to 0.262; p < 0.001) resulted in significant increase in EAT.

Discussion

NAFLD has been traditionally described as the hepatic man-
ifestation of metabolic syndrome [64–67], with emerging 
evidence on its integral role as part of a multisystem disease 
[68, 69]. Current guidelines [5] emphasize the importance 
of a thorough cardiovascular screening in patients with 
NAFLD. While the association of NAFLD and adverse car-
diac structural remodeling and dysfunction has been previ-
ously described [10, 12], the present study adds to current 
knowledge that cardiac function and remodeling in NAFLD 
patients differ based on the metabolic risk factors, severity 
of liver disease, and NAFLD diagnostic modalities. Addi-
tionally, there was a graded response between worsening 

Table 3  Subgroup analysis by steatosis severity

MD, mean difference; CI, confidence interval; LVEF, left ventricular ejection fraction; LVEDD, left ventricle end-diastolic diameter; LVESD, 
left ventricle end-systolic diameter; LAD, left atrial diameter; PWT, posterior wall thickness; *bolded p value ≤ 0.05 denotes statistical signifi-
cance

No. of studies MD (95% CI) I2 (%) Cochran Q P value Subgroup 
difference

Systolic cardiac function
LVEF (%)
 Mild steatosis 3 0.207 (− 0.380 to 0.794) 0.000 0.510 0.490 0.424
 Moderate-severe steatosis 3 − 0.418 (− 1.833 to 0.997) 43.900 0.170 0.560

Diastolic cardiac function
E/e’ ratio
 Mild steatosis 3 1.250 (0.199 to 2.301) 78.900  < 0.001 0.020* 0.370
 Moderate-severe steatosis 3 2.198 (0.410 to 3.986) 94.800  < 0.001 0.020*

E/A ratio
 Mild steatosis 4 − 0.127 (− 0.250 to − 0.005) 89.800  < 0.001 0.040* 0.007*
 Moderate-severe steatosis 4 − 0.299 (− 0.318 to − 0.279) 0.000 0.840  < 0.001*

Cardiac structure
 LVEDD (mm)

  Mild steatosis 3 − 0.495 (− 3.645 to 2.656) 92.400  < 0.001 0.760 0.474
  Moderate-severe Steatosis 3 0.767 (− 0.639 to 2.174) 62.700 0.070 0.280

 LVESD (mm)
  Mild Steatosis 3 − 0.423 (− 2.802 to 1.956) 89.100  < 0.001 0.730 0.892
  Moderate-severe steatosis 3 − 0.215 (− 2.057 to 1.627) 91.20  < 0.001 0.820

 LAD (mm)
  Mild Steatosis 2 1.913 (− 0.328 to 4.154) 94.700  < 0.001 0.090 0.096
  Moderate-severe steatosis 2 3.936 (3.139 to 4.733) 55.700 0.130  < 0.001*

 PWT (mm)
  Mild steatosis 3 0.228 (− 0.292 to 0.747) 97.100  < 0.001 0.390 0.214
  Moderate-severe steatosis 3 0.728 (0.136 to 1.320) 99.100  < 0.001 0.020*

 Septum thickness (mm)
  Mild steatosis 3 0.269 (-0.111 to 0.649) 96.000  < 0.001 0.170 0.202
  Moderate-severe steatosis 3 0.751 (0.115 to 1.387) 99.100  < 0.001 0.020*
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steatosis and the degree of diastolic dysfunction, eluting to 
the fact that the extent of hepatic inflammation and/or fibro-
sis is a risk factor of worsening diastolic function [70, 71]. 
The same observation was found between severity of stea-
tosis with LVM and EAT but was not observed in systolic 
dysfunction.

In diastolic dysfunction, the left ventricular wall becomes 
stiff which increases the left ventricular end-diastolic pres-
sure. This slows the early filling velocity (E) and hence E/A 
ratio is decreased. However, E/A ratio needs to be inter-
preted with caution given that an abnormally high E/A ratio 
may also represent advanced diastolic dysfunction in cer-
tain situations [72]. A stronger marker for diastolic dysfunc-
tion is the mitral annular tissue velocity pattern (e’) which 
is reduced in increased left ventricular filling pressures, 
thus leading to an increased E/e’ ratio [72]. Both E/e’ and 
E/A ratio were shown to have significantly worsened even 
with mild steatosis. NAFLD-mediated chronic low-grade 
systemic inflammation with release of pro-inflammatory 
cytokines can affect the structural substrates of myocardium 
and ultimately, ventricular function and structure. The pro-
inflammatory state can contribute to coronary microvas-
cular endothelial inflammation, diastolic ventricular stiff-
ness, and diastolic failure [7, 73, 74]. The associated insulin 
resistance and obesity in NAFLD patients can also lead to 
impaired ventricular relaxation, elevated left ventricular fill-
ing pressure and remodeling [75, 76]. As such, mitral annu-
lar e’ will be reduced with worsening steatosis. Moreover, 
meta-regression highlighted that the worsening severity of 

diastolic function indices was not associated with the other 
traditional competing factors such as gender, hypertension, 
or larger BMI. This elucidates that the hepatic factors are 
likely the drivers of diastolic dysfunction.

However, there has been conflicting evidence on the asso-
ciation between NAFLD and systolic dysfunction often char-
acterized by LVEF [77]. In our analysis, there was a signifi-
cantly lower LVEF in NAFLD patients and meta-regression 
found that Hba1c was found to be significant factors affect-
ing progression in systolic dysfunction. When analysis was 
stratified by diagnostic modality (Supplementary Table 3, 
which demonstrates the Subgroup by Diagnostic Modali-
ties), diagnosis made with liver biopsy revealed no signifi-
cant difference in systolic dysfunction. We hypothesized the 
differences could be the result of the smaller sample size 
involved in liver biopsy studies or biasness in patient selec-
tion. Clinically, liver biopsy is only conducted in the later 
course of NAFLD that tended to be more severe. Instead, it 
is possible that systolic dysfunction might be present in the 
early course of NAFLD where diagnosis was established by 
imaging modalities.

In the analysis of cardiac structure, EAT was signifi-
cantly increased in NAFLD compared to patients without 
NAFLD. Unfavorable adipokine and cytokine profile tend 
to be observed in patients with higher EAT levels that can 
result in cardiac inflammation and fibrosis, thus translat-
ing to higher incidence of adverse cardiac events [11, 78]. 
In addition to EAT, cardiac structure analysis demonstrated 
that LVM was significantly larger in NAFLD compared to 

Fig. 3  Forest plot of E/A ratio by steatosis severity
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non-NAFLD patients. Meta regression found BMI and blood 
pressure to be factors associated with progression of LVM 
in NAFLD patients. The association of increased BMI on 
LVM is of great interest as it offers the possibility of left 
ventricular hypertrophy regression through weight loss in 
obese individuals. However, it is important to note that the 
BMI alone is a poor surrogate of the direct estimation of the 
effect of body adiposity on LVM [79]. Identification of pre-
dictive factors of cardiac dysfunction can be the first pivotal 
step towards implementing early preventive interventions 
and surveillance for detection of early heart failure. LVM 
is a sequelae of the systemic effects of increased afterload 
and neurohormonal activation and understanding potential 
mediators of these pathways such as NAFLD can offer pos-
sible therapeutic targets to prevent and manage the incidence 
of heart failure. Although the current strategy for NAFLD 
treatment involves mainly lifestyle modifications, there are 
several novel drugs in the development pipeline that target 
the multiple pathways of this complex multisystem meta-
bolic disease [80, 81].

Strengths and limitations

To our knowledge, this is the first meta-analysis to date pro-
viding a comprehensive analysis of systolic, diastolic func-
tion, and cardiac structural echocardiographic characteristics 
in NAFLD patients. However, there were only two articles 
evaluating HFrEF [41] and HFpEF [9] in NAFLD patients 
in this study. This limits the findings due to the small sample 
size although they provide important evidence to support the 
fact that diastolic dysfunction is significantly higher than 
systolic dysfunction in NAFLD patients. Hence, more stud-
ies are required to further analyze the association between 
NAFLD patients and development of heart failure. Secondly, 
several included articles did not provide sufficient granular-
ity to delineate the degree of steatosis of NAFLD patients 
which resulted in only a few important outcomes being ana-
lyzed, including LVEF, E/e’ ratio, and E/A ratio among other 
echocardiography parameters, owing to a sparsity of data.

Conclusion

In conclusion, this meta-analysis describes the strong 
association between NAFLD and reduction in systolic and 
diastolic function, and adverse cardiac remodeling. Other 
components including concomitant metabolic factors, and 
liver disease severity appear to be important considerations 
when identifying patients with NAFLD at risk of developing 
cardiac dysfunction and heart failure.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12072- 022- 10319-6.

Author contributions NWSC, MDM, AJS, MSS, MN, and CHN: con-
ceptualization. JNY, CHN, CW-ML, YYC, ASPT, DJHT, WHL, JQ, 
X-HP, and YHC: data curation. JNY, CHN, CW-ML, YYC, and ASPT: 
formal analysis. NWSC, MDM, AJS, MSS, MN, WL, MC, and RF: 
supervision. DJHT, WHL, JQ, X-HP, and YHC: validation. JNY, CHN, 
CW-ML, YYC, ASPT, NC, and MT: writing—original draft. JNY, 
CHN, CW-ML, YYC, ASPT, MT, DJHT, WHL, JQ, X-HP, YHC, RF, 
MC, WL, MN, MSS, AJS, MDM, and NC: writing, review, and editing. 
All authors have read and approved the final version of the manuscript 
for submission.

Funding No funding was required for this study.

Data availability All articles in this manuscript are available from 
Medline and Embase.

Declarations 

Conflict of interest Arun J. Sanyal: Dr Sanyal is President of Sanyal 
Biotechnology and has stock options in Genfit, Akarna, Tiziana, In-
dalo, Durect and Galmed. He has served as a consultant to Astra Ze-
neca, Nitto Denko, Enyo, Ardelyx, Conatus, Nimbus, Amarin, Salix, 
Tobira, Takeda, Jannsen, Gilead, Terns, Birdrock, Merck, Valeant, 
Boehringer-Ingelheim, Lilly, Hemoshear, Zafgen, Novartis, Novo Nor-
disk, Pfizer, Exhalenz and Genfit. He has been an unpaid consultant to 
Intercept, Echosens, Immuron, Galectin, Fractyl, Syntlogic, Affimune, 
Chemomab, Zydus, Nordic Bioscience, Albireo, Prosciento, Surrozen 
and Bristol Myers Squibb. His institution has received grant support 
from Gilead, Salix, Tobira, Bristol Myers, Shire, Intercept, Merck, 
Astra Zeneca, Malinckrodt, Cumberland and Norvatis. He receives 
royalties from Elsevier and UptoDate. Mazen Noureddin: has been on 
the advisory board for 89BIO, Gilead, Intercept, Pfizer, Novo Nordisk, 
Blade, EchoSens, Fractyl, Terns, Siemens and Roche diagnostic; MN 
has received research support from Allergan, BMS, Gilead, Galmed, 
Galectin, Genfit, Conatus, Enanta, Madrigal, Novartis, Pfizer, Shire, 
Viking and Zydus; MN is a minor shareholder or has stocks in Anae-
tos, Rivus Pharma and Viking. All other authors have no conflicts of 
interests.

References

 1. Muthiah MD, Sanyal AJ. Burden of disease due to nonalcoholic 
fatty liver disease. Gastroenterol Clin North Am 2020;49(1):1–23

 2. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer 
M. Global epidemiology of nonalcoholic fatty liver disease-Meta-
analytic assessment of prevalence, incidence, and outcomes. 
Hepatology 2016;64(1):73–84

 3. Muthiah MD, Cheng Han N, Sanyal AJ. A clinical overview of 
non-alcoholic fatty liver disease: a guide to diagnosis, the clini-
cal features, and complications-What the non-specialist needs to 
know. Diabetes Obes Metab 2021;24(2):3–14

 4. Huang DQ, El-Serag HB, Loomba R. Global epidemiology of 
NAFLD-related HCC: trends, predictions, risk factors and preven-
tion. Nat Rev Gastroenterol Hepatol 2021;18(4):223–238

 5. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and 
management of nonalcoholic fatty liver disease: practice guidance 
from the American Association for the Study of Liver Diseases. 
Hepatology 2018;67(1):328–357

 6. EASL-EASD-EASO Clinical Practice Guidelines for the 
management of non-alcoholic fatty liver disease. J Hepatol 
2016;64(6):1388–1402

https://doi.org/10.1007/s12072-022-10319-6


279Hepatology International (2022) 16:269–281 

1 3

 7. Azzam H, Malnick S. Non-alcoholic fatty liver disease - the 
heart of the matter. World J Hepatol 2015;7(10):1369–1376

 8. Bhatia RS, Tu JV, Lee DS, et al. Outcome of heart failure with 
preserved ejection fraction in a population-based study. N Engl 
J Med 2006;355(3):260–269

 9. VanWagner LB, Wilcox JE, Ning H, et al. Longitudinal associa-
tion of non-alcoholic fatty liver disease with changes in myo-
cardial structure and function: The CARDIA Study. J Am Heart 
Assoc 2020;9(4): e014279

 10. Borges-Canha M, Neves JS, Libânio D, et  al. Association 
between nonalcoholic fatty liver disease and cardiac function 
and structure—a meta-analysis. Endocrine 2019;66(3):467–476

 11. Baragetti A, Pisano G, Bertelli C, et al. Subclinical atheroscle-
rosis is associated with epicardial fat thickness and hepatic 
steatosis in the general population. Nutr Metab Cardiovasc Dis 
2016;26(2):141–153

 12. Wijarnpreecha K, Lou S, Panjawatanan P, et al. Association 
between diastolic cardiac dysfunction and nonalcoholic fatty 
liver disease: A systematic review and meta-analysis. Dig Liver 
Dis 2018;50(11):1166–1175

 13. Page MJ, McKenzie JE, Bossuyt PM, et  al. The PRISMA 
2020 statement: an updated guideline for reporting systematic 
reviews. BMJ 2021;372:71

 14. Toh JZK, Pan X-H, Tay PWL, et al. A meta-analysis on the 
global prevalence, risk factors and screening of coronary heart 
disease in nonalcoholic fatty liver disease. Clin Gastroenterol 
Hepatol 2021. https:// doi. org/ 10. 1016/j. cgh. 2021. 09. 021

 15. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guide-
lines for the diagnosis and treatment of acute and chronic 
heart failure: The Task Force for the diagnosis and treatment 
of acute and chronic heart failure of the European Society of 
Cardiology (ESC) Developed with the special contribution of 
the Heart Failure Association (HFA) of the ESC. Eur Heart J 
2016;37(27):2129–2200

 16. Hsu PF, Wang YW, Lin CC, et al. The association of the steato-
sis severity in fatty liver disease with coronary plaque pattern in 
general population. Liver Int 2021;41(1):81–90

 17. Bae YS, Ko YS, Yun JM, Eo AY, Kim H. Association and pre-
diction of subclinical atherosclerosis by nonalcoholic fatty liver 
disease in asymptomatic patients. Can J Gastroenterol Hepatol 
2020;2020:8820445

 18. Kim MK, Ahn CW, Nam JS, Kang S, Park JS, Kim KR. Asso-
ciation between nonalcoholic fatty liver disease and coronary 
artery calcification in postmenopausal women. Menopause 
2015;22(12):1323–1327

 19. IntHout J, Ioannidis JPA, Borm GF. The Hartung-Knapp-Sidik-
Jonkman method for random effects meta-analysis is straightfor-
ward and considerably outperforms the standard DerSimonian-
Laird method. BMC Med Res Methodol 2014;14(1):25

 20. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ 2003;327(7414):557

 21. Higgins JPT GS. Cochrane Handbook for Systematic Reviews of 
Interventions Version 5.1.0 [updated March 2011]. In. 9.5.2 Iden-
tifying and measuring heterogeneity: The Cochrane Collaboration; 
2011

 22. Tufanaru C, Munn Z, Stephenson M, Aromataris E. Fixed or 
random effects meta-analysis? Common methodological issues 
in systematic reviews of effectiveness. Int J Evid Based Healthc 
2015;13(3):196–207

 23. Munn Z, Moola S, Riitano D, Lisy K. The development of a criti-
cal appraisal tool for use in systematic reviews addressing ques-
tions of prevalence. Int J Health Policy Manag 2014;3(3):123–128

 24. Aksu E, Sokmen A, Ispiroglu M, Gisi K, Celik E, Aykan AC. 
Early cardiac electrical and structural changes in patients with 
non-obese non-alcoholic fatty liver disease. Kardiologiia 
2021;61(5):51–58

 25. Baktir AO, Şarli B, Emre Altekin R, et al. Non alcoholic steato-
hepatitis is associated with subclinical impairment in left ven-
tricular function measured by speckle tracking echocardiography. 
Anatol J Cardiol 2015;15(2):137–142

 26. Fotbolcu H, Yakar T, Duman D, et al. Impairment of the left 
ventricular systolic and diastolic function in patients with non-
alcoholic fatty liver disease. Cardiol J 2010;17(5):457–463

 27. Karabay CY, Kocabay G, Kalayci A, et al. Impaired left ven-
tricular mechanics in nonalcoholic fatty liver disease: a speckle-
tracking echocardiography study. Eur J Gastroenterol Hepatol 
2014;26(3):325–331

 28. Oguz D, Unal HU, Eroglu H, Gulmez O, Cevik H, Altun A. 
Aortic flow propagation velocity, epicardial fat thickness, and 
osteoprotegerin level to predict subclinical atherosclerosis in 
patients with nonalcoholic fatty liver disease. Anatol J Cardiol 
2016;16(12):974–979

 29. Sunbul M, Agirbasli M, Durmus E, et al. Arterial stiffness in 
patients with non-alcoholic fatty liver disease is related to fibro-
sis stage and epicardial adipose tissue thickness. Atherosclerosis 
2014;237(2):490–493

 30. Sunbul M, Kivrak T, Durmus E, et al. Nonalcoholic steatohepatitis 
score is an independent predictor of right ventricular dysfunction 
in patients with nonalcoholic fatty liver disease. Cardiovasc Ther 
2015;33(5):294–299

 31. Topuz M, Dogan A, Celik A, Can C, Ozdogru I, Kemal EN. Inves-
tigation of the relationship between non-alcoholic fatty liver dis-
ease and coronary artery disease. Clin Ter 2014;165(1):e46–51

 32. Yilmaz Y, Kurt R, Gurdal A, et al. Circulating vaspin levels and 
epicardial adipose tissue thickness are associated with impaired 
coronary flow reserve in patients with nonalcoholic fatty liver 
disease. Atherosclerosis 2011;217(1):125–129

 33. Cho KI, Jo EA, Cho SH, Kim BH. The influence of epicardial fat 
and nonalcoholic fatty liver disease on heart rate recovery in meta-
bolic syndrome. Metab Syndr Relat Disord 2017;15(5):226–232

 34. Chung GE, Lee JH, Lee H, et al. Nonalcoholic fatty liver disease 
and advanced fibrosis are associated with left ventricular diastolic 
dysfunction. Atherosclerosis 2018;272:137–144

 35. Jung JY, Park SK, Ryoo JH, et al. Effect of non-alcoholic fatty 
liver disease on left ventricular diastolic function and geometry in 
the Korean general population. Hepatol Res 2017;47(6):522–532

 36. Kim NH, Park J, Kim SH, et al. Non-alcoholic fatty liver disease, 
metabolic syndrome and subclinical cardiovascular changes in the 
general population. Heart 2014;100(12):938–943

 37. Lee H, Kim G, Choi YJ, et al. Association between non-alcoholic 
steatohepatitis and left ventricular diastolic dysfunction in type 2 
diabetes mellitus. Diabetes Metab J 2020;44(2):267–276

 38. Lee M, Kim KJ, Chung TH, et al. Nonalcoholic fatty liver dis-
ease, diastolic dysfunction, and impaired myocardial glucose 
uptake in patients with type 2 diabetes. Diabetes Obes Metab 
2021;23(4):1041–1051

 39. Lee YH, Kim KJ, Yoo ME, et al. Association of non-alcoholic 
steatohepatitis with subclinical myocardial dysfunction in non-
cirrhotic patients. J Hepatol 2018;68(4):764–772

 40. Brouha SS, Nguyen P, Bettencourt R, Sirlin CB, Loomba 
R. Increased severity of liver fat content and liver fibrosis 
in non-alcoholic fatty liver disease correlate with epicardial 
fat volume in type 2 diabetes: a prospective study. Eur Radiol 
2018;28(4):1345–1355

 41. Donnellan E, Cotter TG, Wazni OM, et al. Impact of nonalcoholic 
fatty liver disease on arrhythmia recurrence following atrial fibril-
lation ablation. JACC Clin Electrophysiol 2020;6(10):1278–1287

 42. Iacobellis G, Barbarini G, Letizia C, Barbaro G. Epicardial fat 
thickness and nonalcoholic fatty liver disease in obese subjects. 
Obesity (Silver Spring, Md) 2014;22(2):332–336

 43. Miller A, McNamara J, Hummel SL, Konerman MC, Tincopa 
MA. Prevalence and staging of non-alcoholic fatty liver disease 

https://doi.org/10.1016/j.cgh.2021.09.021


280 Hepatology International (2022) 16:269–281

1 3

among patients with heart failure with preserved ejection fraction. 
Sci Rep 2020;10(1):12440

 44. Chang W, Wang Y, Sun L, Yu D, Li Y, Li G. Evaluation of left 
atrial function in type 2 diabetes mellitus patients with nonal-
coholic fatty liver disease by two-dimensional speckle track-
ing echocardiography. Echocardiography (Mount Kisco, NY) 
2019;36(7):1290–1297

 45. Huang J, Huang Q, Chen XZ, Zhou F, He JQ, Wang XL. A study 
of the relationship between cardiac diastolic function and liver 
function in patients with nonalcoholic fatty liver disease. World 
Chin J Digestol 2009;17(21):2198–2202

 46. Wang Q, Ma W, Xia J. Nonalcoholic fatty liver is associated with 
further left ventricular abnormalities in patients with type 2 diabe-
tes mellitus: a 3-dimensional speckle-tracking study. J Ultrasound 
Med 2018;37(8):1899–1911

 47. Zhang Z, Wang P, Guo F, et al. Chronic heart failure in patients 
with nonalcoholic fatty liver disease: prevalence, clinical features, 
and relevance. J Int Med Res 2018;46(9):3959–3969

 48. Bonapace S, Perseghin G, Molon G, et al. Nonalcoholic fatty liver 
disease is associated with left ventricular diastolic dysfunction in 
patients with type 2 diabetes. Diabetes Care 2012;35(2):389–395

 49. Fallo F, Dalla Pozza A, Sonino N, et al. Non-alcoholic fatty 
liver disease is associated with left ventricular diastolic dys-
function in essential hypertension. Nutr Metab Cardiovasc Dis 
2009;19(9):646–653

 50. Mantovani A, Pernigo M, Bergamini C, et al. Nonalcoholic fatty 
liver disease is independently associated with early left ventricular 
diastolic dysfunction in patients with type 2 diabetes. PLoS One 
2015;10(8): e0135329

 51. Trovato FM, Martines GF, Catalano D, Musumeci G, Pirri C, 
Trovato GM. Echocardiography and NAFLD (non-alcoholic fatty 
liver disease). Int J Cardiol 2016;221:275–279

 52. Elsawaby AS, Al-Fiky RA, Mohamed AE, et al. Electrocardio-
graphic and echocardiographic changes in nonalcoholic fatty liver 
disease. Egypt J Internal Med 2019;31(2):191–198

 53. Mahfouz RA, Gouda M, Galal I, Ghareb MS. Interatrial septal fat 
thickness and left atrial stiffness are mechanistic links between 
nonalcoholic fatty liver disease and incident atrial fibrillation. 
Echocardiography (Mount Kisco, NY) 2019;36(2):249–256

 54. Metwaly A, Khalik AA, Nasr FM, Sabry AI, Gouda MF, Has-
san M. Brain natriuretic peptide in liver cirrhosis and fatty 
liver: correlation with cardiac performance. Electron Physician 
2016;8(2):1984–1993

 55. Khoshbaten M, Parkhideh S, Toufan M. Comparison of left 
ventricular function between patients with non-alcoholic fatty 
liver disease and healthy individuals. Biomed Pharmacol J 
2015;8(2):749–754

 56. Zamirian M, Samiee E, Moaref A, Abtahi F, Tahamtan M. Assess-
ment of subclinical myocardial changes in non-alcoholic fatty 
liver disease: A case-control study using speckle tracking echo-
cardiography. Iran J Med Sci 2018;43(5):466–472

 57. Goland S, Shimoni S, Zornitzki T, et al. Cardiac abnormalities as 
a new manifestation of nonalcoholic fatty liver disease: echocar-
diographic and tissue Doppler imaging assessment. J Clin Gas-
troenterol 2006;40(10):949–955

 58. Psychari SN, Rekleiti N, Papaioannou N, et al. Epicardial fat in 
nonalcoholic fatty liver disease: properties and relationships with 
metabolic factors, cardiac structure, and cardiac function. Angiol-
ogy 2016;67(1):41–48

 59. de Freitas Diniz TB, de Jesus RN, Jimenez LS, Pareja JC, Chaim 
EA, Cazzo E. Non-alcoholic fatty liver disease is associated with 
impairment of ejection fraction among individuals with obesity 
undergoing bariatric surgery: results of a cross-sectional study. 
Obes Surg 2020;30(2):456–460

 60. Moise CG, Donoiu I, Tartea G-C, Mirea O, Rogoveanu I. 
Assessment of left ventricular diastolic function in young 

adults with nonalcoholic fatty liver disease. Curr Health Sci J 
2021;47(1):23–27

 61. Sewan HS, Aljumaily HS. Frequency of left ventricle dys-
function in non-alcoholic fatty liver disease (Nafld) patients 
detected by global longitudinal strain and tissue Doppler 
imaging in Babylon province in Iraq. Medico-Legal Update 
2021;21(1):1380–1386

 62. Styczynski G, Kalinowski P, Michalowski L, et al. Cardiac mor-
phology, function, and hemodynamics in patients with morbid 
obesity and nonalcoholic steatohepatitis. J Am Heart Assoc 
2021;10(8):e017371

 63. Saluja M, Kumar K, Swami YK, Meena SR, Goyal S. Association 
between non- alcoholic fatty liver disease and left ventricular dias-
tolic dysfunction in patients of type 2 diabetes. J Assoc Physicians 
India 2019;67(8):20–24

 64. Kotronen A, Yki-Järvinen H. Fatty liver: a novel component 
of the metabolic syndrome. Arterioscler Thromb Vasc Biol 
2008;28(1):27–38

 65. Adams LA, Waters OR, Knuiman MW, Elliott RR, Olynyk JK. 
NAFLD as a risk factor for the development of diabetes and the 
metabolic syndrome: an eleven-year follow-up study. Am J Gas-
troenterol 2009;104(4):861–867

 66. Younossi ZM, Stepanova M, Afendy M, et al. Changes in the 
prevalence of the most common causes of chronic liver diseases in 
the United States from 1988 to 2008. Clin Gastroenterol Hepatol 
2011;9(6):524–530

 67. Leite NC, Salles GF, Araujo AL, Villela-Nogueira CA, Cardoso 
CR. Prevalence and associated factors of non-alcoholic fatty 
liver disease in patients with type-2 diabetes mellitus. Liver Int 
2009;29(1):113–119

 68. Petta S, Valenti L, Bugianesi E, Targher G, Bellentani S, Bonino 
F. A “systems medicine” approach to the study of non-alcoholic 
fatty liver disease. Dig Liver Dis 2016;48(3):333–342

 69. Mikolasevic I, Milic S, Turk Wensveen T, et al. Nonalcoholic 
fatty liver disease—a multisystem disease? World J Gastroenterol 
2016;22(43):9488–9505

 70. Petta S, Argano C, Colomba D, et al. Epicardial fat, cardiac geom-
etry and cardiac function in patients with non-alcoholic fatty liver 
disease: association with the severity of liver disease. J Hepatol 
2015;62(4):928–933

 71. Pacifico L, Di Martino M, De Merulis A, et al. Left ventricular 
dysfunction in obese children and adolescents with nonalcoholic 
fatty liver disease. Hepatology 2014;59(2):461–470

 72. Mitter SS, Shah SJ, Thomas JD. A test in context: E/A and E/e’ 
to assess diastolic dysfunction and LV filling pressure. J Am Coll 
Cardiol 2017;69(11):1451–1464

 73. Polyzos SA, Kechagias S, Tsochatzis EA. Review article: non-
alcoholic fatty liver disease and cardiovascular diseases: asso-
ciations and treatment considerations. Aliment Pharmacol Ther 
2021;54(8):1013–1025

 74. Canada JM, Abbate A, Collen R, et al. Relation of hepatic fibrosis 
in nonalcoholic fatty liver disease to left ventricular diastolic func-
tion and exercise tolerance. Am J Cardiol 2019;123(3):466–473

 75. Sanchez AA, Levy PT, Sekarski TJ, et al. Markers of cardiovas-
cular risk, insulin resistance, and ventricular dysfunction and 
remodeling in obese adolescents. J Pediatr 2015;166(3):660–665

 76. Belke DD, Betuing S, Tuttle MJ, et al. Insulin signaling coordi-
nately regulates cardiac size, metabolism, and contractile protein 
isoform expression. J Clin Invest 2002;109(5):629–639

 77. Wan SH, Vogel MW, Chen HH. Pre-clinical diastolic dysfunction. 
J Am Coll Cardiol 2014;63(5):407–416

 78. Liu B, Li Y, Li Y, et al. Association of epicardial adipose tissue 
with non-alcoholic fatty liver disease: a meta-analysis. Hep Intl 
2019;13(6):757–765

 79. Dai S, Harrist RB, Rosenthal GL, Labarthe DR. Effects of body 
size and body fatness on left ventricular mass in children and 



281Hepatology International (2022) 16:269–281 

1 3

adolescents: Project HeartBeat! Am J Prev Med 2009;37(1 
Suppl):S97–104

 80. Ratziu V, Sanyal AJ, Loomba R, et al. REGENERATE: Design 
of a pivotal, randomised, phase 3 study evaluating the safety and 
efficacy of obeticholic acid in patients with fibrosis due to nonal-
coholic steatohepatitis. Contemp Clin Trials 2019;84:105803

 81. Younossi ZM, Loomba R, Rinella ME, et al. Current and future 
therapeutic regimens for nonalcoholic fatty liver disease and non-
alcoholic steatohepatitis. Hepatology 2018;68(1):361–371

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Non-alcoholic fatty liver disease association with structural heart, systolic and diastolic dysfunction: a meta-analysis
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Methods
	Search strategy and inclusion criteria
	Eligibility and selection criteria
	Data extraction and outcomes
	Outcomes
	Statistical analysis and quality assessment

	Results
	Summary of included articles
	Systolic cardiac function
	Diastolic cardiac function
	Structural heart disease and cardiomyopathy
	Metabolic predictors of adverse cardiac function
	Severity of steatosis and cardiac function
	Outcomes by diagnostic modalities

	Discussion
	Strengths and limitations

	Conclusion
	References




