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Abstract

Objective: We performed a meta-analysis to create a quantitative estimate of the association

between non-alcoholic fatty liver disease (NAFLD) and the risk of cardiac arrhythmia (including

atrial fibrillation (AF), prolonged QT interval, premature atrial/ventricular contraction [PAC/PVC]

and heart block).

Methods: A literature review was conducted using PubMed, Embase, Web of Science and the

Cochrane Library database to identify observational studies of the link between NAFLD and

cardiac arrhythmia. Effect sizes were expressed as odds ratios (ORs) or hazard ratios (HRs) with

95% confidence intervals (CIs). The method of analysis of AF was also analysed separately,

according to the effect estimate (OR or HR).

Results: Nineteen studies of 7,012,960 individuals were included. NAFLD was independently

associated with higher risks of AF (OR 1.71, 95% CI: 1.14–2.57; HR 1.12, 95% CI: 1.11–1.13),

prolonged QT interval (OR 2.86, 95% CI: 1.64–4.99), PAC/PVC (OR 2.53, 95% CI: 1.70–3.78) and

heart block (OR 2.65, 95% CI: 1.88–3.72). The heterogeneity of the data with respect to AF and

prolonged QTwas moderate on sensitivity analysis.

Conclusions: We found a significantly higher risk of cardiac arrhythmia in patients with NAFLD,

but the observational design of the studies does not permit conclusions regarding causality.
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Introduction

Non-alcoholic fatty liver disease (NAFLD)
encompasses a range of histological
changes, from benign steatosis to non-
alcoholic steatohepatitis (NASH).
Accumulating evidence suggests that
NAFLD is not merely a hepatic manifesta-
tion of metabolic syndrome: a strong bidi-
rectional relationship between NAFLD and
type 2 diabetes/metabolic syndrome has
been shown.1 As living standards have
improved, NAFLD has become the most
prevalent chronic hepatic disease around
the world,2 and it currently affects nearly
52% of Americans3 and 20.1% of Chinese
people, according to a recent meta-analy-
sis.4 NAFLD is also associated with chronic
kidney disease, which may be associated
with the future risk of cardiac arrhythmia.5

Furthermore, NAFLD is projected to be
the most common indication for liver trans-
plantation in the US during the next
decade.6The pathogenesis of NAFLD has
yet to be completely elucidated, but some
risk factors of NAFLD have been identi-
fied, including obesity, diabetes and hyper-
lipidaemia, which are all associated with
defects in metabolism.7 However, currently,
only diet and lipid-lowering drugs are avail-
able for the prevention or inhibition of the
development of NAFLD.

Accumulating evidence indicates that
NAFLD is also associated with cardiac
arrhythmia.8 NAFLD is a multi-system
disorder, affecting a diverse range of
extra-hepatic organs and organ systems,
including the heart and the blood vessels.
Its principal pathological features include
not only alterations in hepatic structure
and function, but also in the heart and the
blood vessels, which increase the morbidity
and mortality connected with cardiovascu-
lar disease (CVD), and previous studies
have demonstrated that CVD is the leading
cause of mortality in patients with
NAFLD.9 The methods that are commonly

used for the diagnosis of arrhythmia
include standard electrocardiography
(ECG), dynamic ECG and exercise testing.
Standard ECG has become the most widely
used method for the assessment of cardiac
disease in community-based healthcare,
because it is a simple, inexpensive, and
objective way of identifying myocardial
infarction and heart rhythm and conduc-
tion disturbances.

The mechanisms underpinning the link
between NAFLD and arrhythmia are com-
plex and not fully understood. However,
there is compelling evidence that NAFLD
is associated with several arrhythmias that
can be assessed using ECG, such as atrial
fibrillation (AF), heart block, QT interval
prolongation, premature ventricular con-
traction (PVC) and premature atrial con-
traction (PAC).8 The most common
tachyarrhythmia is AF, the incidence of
which gradually increases with age. Heart
block represents a block or delay in the con-
duction of action potentials emitted by
pacemaker cells. QT interval is defined as
the total duration of ventricular myocardial
depolarization and repolarization, and pro-
longation of the QT interval is a significant
predictor of cardiac death. PVC is the most
common type of ventricular arrhythmia
that is identified clinically, and refers to
abnormalities in the heartbeat that are
caused by premature impulses generated
by an ectopic pacemaker, and might be
associated with a sinus rhythm or an ectop-
ic rhythm. PAC is the early generation of
ectopic atrial beats, ahead of sinus rhythm.
The early identification of these electrical
abnormalities is important to prevent the
development of further complications.

Recent meta-analyses have shown an
association between NAFLD and AF,
although the findings have been inconsis-
tent.10,11 Moreover, the relationships
between NAFLD and other types of cardi-
ac arrhythmia have been poorly studied.
Therefore, the purpose of the present
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study was to assess the relationship between
NAFLD and the risk of cardiac arrhythmia
by means of an integrative meta-analysis of
the published observational studies.

Methods

Registration of the review protocol

The protocol for this systematic review and
meta-analysis was registered in advance with
PROSPERO (International Prospective
Register of Systematic Reviews, no.
CRD42021245860). Because of the nature
of the study, the requirements for ethics
approval and informed consent were
waived by the Medical Ethics Committee
of Zigong First People’s Hospital.

Search strategy

Two investigators (HG and XLL) searched
for relevant studies in PubMed, Embase,
and in the Web of Science and the
Cochrane Library databases, from their
inception to 28 March 2021. A comprehen-
sive electronic search strategy was per-
formed using a combination of medical
subject headings (MeSH) and free text
related to NAFLD and cardiac arrhyth-
mias. The full electronic search strategies
for all the databases are described in
Appendix A. References cited in the studies
identified were also examined. The search
was restricted to studies that were conducted
in humans, but there were no language
restrictions. We performed a systematic
review according to the Systematic Reviews
and Meta-Analyses (PRISMA) guidelines,12

and because the studies were observational,
we followed the Meta-analysis Of
Observational Studies in Epidemiology
(MOOSE) guidelines.13

Study selection

All the studies were assessed in blinded
fashion by two investigators (HG and

XLL). Disagreements were resolved by dis-
cussion. The inclusion criteria for a study
were: (a) original observational study
(cross-sectional, case-control or cohort
study), (b) ‘NAFLD’ as the exposure
factor, (c) incidence of cardiac arrhythmia
(including AF, QT interval prolongation,
heart block and PAC/PVC) as an outcome
measure, (d) provision of an odds ratio
(OR) or hazard ratio (HR) with a 95% con-
fidence interval (95% CI), or ability to calcu-
late one of these using univariate logistic
regression analysis of events in the NAFLD
and control groups, (e) identification of the
methods of diagnosis of NAFLD and cardiac
arrhythmia and (g) age �18 years. The exclu-
sion criteria were: (a) case reports, abstracts,
comments, reviews, letters or editorials,
according to the title and abstract, (b) lack
of exclusion of participants that consumed
significant amounts of alcohol or had evi-
dence of other chronic liver diseases, (c) miss-
ing key data and (d) duplication (if multiple
studies from the same institution reported the
same outcome, we chose the one with the
largest sample size for inclusion).

Data extraction and quality assessment

For all the included studies, two researchers
(HG and XLL) noted the first author, pub-
lication year, study country, study design,
study size, age of the participants in the
NAFLD and control groups, type of
arrhythmia, methods used for the diagnosis
of NAFLD and the cardiac arrhythmia,
adjusted ORs or HRs with 95% CIs and
the covariates that were adjusted for in mul-
tivariable regression analyses. If the any of
the required parameters were unclear, the
authors were contacted to clarify the
information.

Two independent investigators (HG and
XLL) assessed the risk of bias in the origi-
nal studies. Any disagreements were
resolved by discussion, including with the
third author, until a consensus was reached.
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The Newcastle–Ottawa Quality Assessment
Scale (NOS) was used to evaluate the qual-
ity of cohort studies and case–control stud-
ies.14 The quality of each included study
was awarded between 1 and 9 stars, with 1
to 3 stars corresponding to low quality, 4 to
6 stars corresponding to unclear/moderate
quality, and 7 to 9 stars corresponding to
high quality.15,16 In addition, we assessed
the quality of the included cross-sectional
studies using the Agency for Healthcare
Research and Quality (AHRQ) standards.17

Responses of ‘Yes’, ‘Unclear’ or ‘No’ were
recorded for eleven criteria. Then, the study
quality was graded as: low quality, score 0
to 3; moderate quality, score 4 to 7; and
high quality, score 8 to 11.

Statistical analysis

The ORs/HRs and corresponding 95% CIs
were used to evaluate the strength of the
associations between NAFLD and the risk
of cardiac arrhythmia. The statistical het-
erogeneity of the studies was assessed
using Cochran’s Q test and I2 statistic,
with I2 values of 25%, 50% and 75% rep-
resenting low, moderate and high heteroge-
neity, respectively.18 I2� 50% and P< 0.1
was taken to imply significant heterogene-
ity, and the random-effects model was used.
In addition, sensitivity analyses of the fac-
tors that might have led to heterogeneity
were performed to identify the possible
sources. Conversely, a fixed-effects model
was used. Funnel plots and Egger’s test
were used to identify potential publication
bias. Statistical analyses were performed
using Stata 16.0 (Stata Corp., College
Station, TX, USA). Statistical significance
was accepted with a two-sided P< 0.05.

Results

Search results

Our initial database search identified 684
studies. After the exclusion of 127 duplicate

studies, the remaining 557 were subjected to
title and abstract review. Five hundred and
twenty-three articles were excluded at this
stage because they were case reports, case
series, reviews, animal studies or in vitro
analyses, which left 34 studies for full-text
article review. Fifteen of these were exclud-
ed because they were abstracts or confer-
ence posters (n¼ 4), lacked usable data
(n¼ 2), were not relevant (n¼ 8) or because
the required data could not be obtained
from the authors (n¼ 1), as specified in
the PRISMA flow diagram in Figure 1.
Therefore, 19 eligible observational studies
remained and were included in the meta-
analysis.19–36

Study characteristics

The principal characteristics and the quality
assessment of the included studies are
shown in Table 1. All the studies included
were observational studies: there were 12
cross-sectional studies, one case–control
study and six longitudinal cohort studies.
Six of the 19 studies were conducted in
Asia (Korea n¼ 4, China n¼ 2), nine in
Europe (Germany n¼ 2, Finland n¼ 1,
Italy n¼ 6) and four in the USA. A total
of 7,012,960 adult participants were includ-
ed in the meta-analysis, of whom 1,083,255
had NAFLD (15.45%) and 5,929,705 did
not. NAFLD was diagnosed on the basis
of the International Classification of
Diseases (ICD) code or biopsy (n¼ 2 stud-
ies), ultrasonography or computed tomog-
raphy (CT) (n¼ 11 studies), multi-detector
CT (n¼ 1 study) or fatty liver index (FLI)
(n¼ 4 studies), in the absence of significant
alcohol consumption or other known
causes of chronic liver disease. Diagnoses
of cardiac arrhythmias were generally
made on the basis of ECG, Holter monitor-
ing, ICD code and/or medical history. The
NOS scores of the seven observational stud-
ies (one case–control study and six longitu-
dinal cohort studies) ranged from 5 to 9,
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with six high-quality studies and only one

of medium quality. All of the cross-

sectional studies (n¼ 12) were assessed

using AHRQ, which showed that nine

were of high quality and three were of mod-

erate quality.

Relationship between NAFLD and the

risk of AF

Of the 14 studies19–30,36 that assessed AF,

an OR (95% CI) or HR (95% CI) was

obtained from 8 (7 cross-sectional studies
and 1 case–control study) and 6 (longitudi-
nal cohort) studies, respectively. The heter-
ogeneities of the OR and HR data
were P< 0.001/I2¼ 81.0% and P¼ 0.159/
I2¼ 37.1%, respectively. Because the OR
estimate showed high heterogeneity
(I2¼ 81.0%), we also performed a sensitiv-
ity analysis. The study by Whitsett et al.28

was the main source of heterogeneity,
according to the sensitivity analysis
(Figure 2). Therefore, this study was

Figure 1. PRISMA flow diagram for the identification of appropriate studies for inclusion in the
meta-analysis.
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excluded prior to the meta-analysis being

performed. A pooled OR of 1.71 (95%

CI, 1.14–2.57; random-effects model;

I2¼ 66.5%) was generated for the eight

studies that produced estimates of the OR,

and a pooled HR of 1.12 (95% CI, 1.11–

1.13; fixed-effects model; I2¼ 37.1%) was

generated for the six cohort studies that

produced estimates of the HR. The forest

plots of this meta-analysis are shown as

Figure 3.

Relationship between NAFLD and the risk

of prolonged QT interval

The outcome of the heterogeneity test was

P<0.001/I2¼ 90.0%, which indicated high

heterogeneity of the four included stud-

ies.31–33,36 A sensitivity analysis showed

that the study by Hung et al.32 was the prin-

cipal cause of the heterogeneity (Figure 4).

The result of the heterogeneity test was

P¼ 0.044/I2¼ 68.0% after excluding this

study, which is consistent with moderate het-

erogeneity; therefore, the random-effects

model was used. A significant association
between NAFLD and the risk of prolonged
QT interval was identified, with a pooled
OR of 2.86 (95% CI, 1.64–4.99), as shown
in Figure 5.

Relationship between NAFLD and the risk
of PVC/PAC

The outcome of the heterogeneity test was
P¼ 0.662/I2¼ 0.0%, which indicated no
heterogeneity of the included two stud-
ies;34,36 therefore, the fixed-effects model
was used for the analysis. The meta-
analysis showed that there was a
significantly higher risk of PVC/PAC in
participants with NAFLD than in those
without, with a pooled OR of 2.53 (95%
CI, 1.70–3.78), as shown in Figure 6.

Relationship between NAFLD and the risk
of heart block

The heterogeneity test showed that there
was no heterogeneity of the two included
studies,35,36 with P¼ 0.485/I2¼ 0.0%.

Figure 2. Sensitivity analysis of the odds ratio data for participants with atrial fibrillation. Data are point
estimates and 95% confidence intervals for the omission of each named study from the analysis.
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Figure 3. Forest plots and pooled estimates of the relationship between NAFLD and the risk of AF, with
corresponding 95% CIs and P-values, generated using fixed and random effects models. (a) OR data for
participants with AF. (b) HR data for participants with AF.
AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio; NAFLD, non-alcoholic fatty liver disease; OR,
odds ratio.
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Figure 4. Sensitivity analysis of the odds ratio data for participants with prolonged QT interval. Data are
point estimates and 95% confidence intervals for the omission of each named study from the analysis.

Figure 5. Forest plot of the estimated ORs, the corresponding 95% CIs and the P-values for the risk of
prolonged QT interval in adult participants with NAFLD, compared with those without, generated using
random effects models.
CI, confidence interval; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio.
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Figure 6. Forest plot of the estimated ORs, corresponding 95% CIs and the P-values for the risk of PVC/
PAC in adult participants with NAFLD, compared with those without, generated using fixed effects models.
CI, confidence interval; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; PVC/PAC, premature
ventricular contraction/premature atrial contraction.

Figure 7. Forest plot of the estimated ORs, corresponding 95% CIs and P-values for the risk of heart block
in adult participants with NAFLD, compared with those without, generated using fixed effects models.
NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; CI, confidence interval.
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The fixed-effects meta-analysis generated

a pooled OR for the participants

with NAFLD versus those without of 2.65

(95% CI, 1.88–3.72), as shown in Figure 7.

Evaluation of publication bias

Inverted funnel plots were next constructed

to assess the OR and HR data for AF for

publication bias. The shape of the funnel

plots did not reveal obvious asymmetry

(Figure 8(a) and (b)). In addition, Egger’s

test generated p values of 0.219 and 0.223,

respectively, for the OR and HR data with

respect to AF. Publication bias was not

assessed with respect to prolonged QT

interval, PVC/PAC or heart block because

of the small number of included studies.

Figure 8. Funnel plots of studies reporting the risk of AF in adult participants with or without NAFLD.
(a) OR data for participants with AF. (b) HR data for participants with AF. Pseudo-95% confidence intervals
(dotted lines) are shown.
AF, atrial fibrillation; HR, hazard ratio; NAFLD, non-alcoholic liver disease; OR, odds ratio; s.e., standard
error of the mean.
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Discussion

In the present study, we performed a com-
prehensive search for observational studies
in relevant databases to systematically char-
acterize the relationship between NAFLD
and the risk of cardiac arrhythmia.
We found that NAFLD was significantly
associated with an approximately two-fold
higher risk of AF, independent of common
established risk factors. However, two stud-
ies by Targher et al.25,27 showed a higher
risk of AF in patients with diabetes and
NAFLD than in those with diabetes but
no NAFLD. This relationship was indepen-
dent of age, sex, hypertension, glycated hae-
moglobin, circulating cholesterol
concentration, left ventricular hypertrophy,
prior history of heart failure, valvular heart
disease, hyperthyroidism and other clinical
risk factors for AF. Conversely, in the pre-
sent study, we found that NAFLD was
associated with only a 12% higher risk of
AF, and there was no obvious heterogene-
ity of the included studies, which imbues
this finding with a high level of credibility.

The present study has summarized the
evidence to date regarding the relationship
between NAFLD and AF, through a com-
prehensive review of the previously pub-
lished original studies and meta-analyses.
Similar to the present findings, Cai et al.11

conducted an analysis of six cohort studies
and found that NAFLD was independently
associated with a higher risk of incident AF
(relative risk 1.19, 95% CI 1.04–1.31), inde-
pendent of multiple cardiovascular risk fac-
tors. However, the authors did not include
studies with case–control or cross-sectional
designs, or those that did not adjust for
other cardiovascular risk factors, which
might have led to the exclusion of large-
scale studies and weakened the evidence
obtained. In another previous meta-
analysis of nine observational studies (five
cross-sectional and four longitudinal cohort
studies), Mantovani et al.10 found that

NAFLD was associated with a higher risk
of AF (random-effects: OR¼2.07, 95% CI
1.38–3.10; random-effects: HR¼1.34, 95%
CI 0.92–1.95). However, the results of this
prior meta-analysis should be interpreted
with caution, because these effect estimates
were not separately obtained from the
cross-sectional and longitudinal cohort
studies and the type of effect estimate (OR
or HR) obtained from the longitudinal
cohort studies was not clearly discernible.
A strength of the present study is that
nine studies that were included in the pre-
vious meta-analysis were also included in
the present meta-analysis. In addition, the
number of participants in the 14 studies
that were included in the present meta-
analysis and showed an association with
AF were approximately 19 times the
number that were included in the meta-
analysis conducted by Mantovani et al,10

and because the effect estimates (OR and
HR) generated by the included studies (for
example, cross-sectional or longitudinal
cohort study) were clearly distinguished
and analysed separately.

We also analysed the relationship
between NAFLD and the risks of prolon-
gation of the QT interval, PAC/PVC and
heart block. The relationships of most of
these cardiac arrhythmias were analysed in
cross-sectional studies, with only one case–
control study and no longitudinal cohort
studies. Consequently, we were only able
to show associations of NAFLD with
higher risks of prolongation of the QT
interval, PAC/PVC and heart block, and a
causative link could not be established.
Notably, participants with NAFLD exhib-
ited much higher risks of cardiac arrhyth-
mias (prolonged QT interval, PAC/PVC
and heart block; by two-to-three-fold)
than participants without, but there was a
less than two-fold higher risk of AF.
Therefore, future studies should focus not
only on the risk of AF but also on the risk
of other arrhythmias in patients with
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NAFLD. However, Mangi et al.36 showed
evidence of a much higher risk of prolonged
QT interval in patients with NAFLD (n¼ 1
study; unadjusted OR 5.09, 95% CI 2.92–
8.86). This might be explained by potential
confounding factors that had not been
adjusted for because there were clear differ-
ences in the age, incidence of diabetics mel-
litus, BMI, blood pressure and incidence of
cirrhosis between the participants with
NAFLD and those without in this previous
study. There was no heterogeneity identi-
fied in the previous two meta-analyses
with respect to heart block and PAC/
PVC, meaning that the pooled results were
relatively reliable. Overall, we have con-
firmed that NAFLD is associated with a
higher risk of cardiac arrhythmia, including
AF. A previous meta-analysis showed that
NAFLD is independently associated with
the risk of fatal and non-fatal CVD, and
that individuals with more ‘severe’
NAFLD were at higher risk.37 On this
basis, and given that the prevalences of
NAFLD and non-alcoholic steatohepatitis
are increasing, a growing number of
patients with liver disease will be affected
by CVD and be candidates for cardiovascu-
lar therapies in the near future.38,39

The mechanisms linking NAFLD and
cardiac arrhythmias remain unclear;
however, they share multiple common risk
factors that suggest relevant pathophysio-
logical factors. NAFLD-related obesity,
especially central obesity, leads to ectopic
fat accumulation in the myocardium and
pericardium, which results in functional
and structural changes in the heart.
Altered hepatic lipid metabolism might
lead to greater production of atherogenic
lipids, including very low-density lipopro-
tein, low-density lipoprotein and non-
esterified fatty acids, during the onset and
progression of NAFLD, which consider-
ably increases the risk of cardiac arrhyth-
mia.40 Furthermore, animal studies have
shown that adipocytes in the posterior

cardiac wall and epicardial tissue might
affect the left atrial ion current and contrib-
ute to the generation of cardiac arrhythmias
and other complications.41 Finally,
Mantovani showed that pro-inflammatory
factors (such as C-reactive protein,
interleukin-6 and tumour necrosis factor-
a), pro-fibrinogens (such as transforming
growth factor-b), pro-oxidants and vasoac-
tive and thrombotic factors (such as factor
VIII, plasminogen activator inhibitor-1 and
endothelin-1) are present at higher concen-
trations, which result in cardiac fibrosis and
cardiac myocyte apoptosis during the onset
and progression of NAFLD, through
changes in the electrophysiological proper-
ties and structure of the myocardium, and
the dysregulation of calcium homeostasis
and connexins, which also alter electrical
conduction through the myocardium42.

Several important potential limitations
of the present meta-analysis should be men-
tioned. First, the included studies assessed
hepatic steatosis using a variety of diagnos-
tic methods, including ultrasonography,
CT, FLI and ICD codes, which might
have introduced heterogeneity into the
analysis. Furthermore, liver biopsy is the
current gold standard method for the diag-
nosis of NAFLD. Second, most of the stud-
ies used standard resting ECG, rather than
24-h Holter monitoring, to diagnose the
arrhythmias; therefore, paroxysmal cardiac
arrhythmias might have been missed in
some of the participants. Third, adjustment
for relevant potential confounding factors
associated with cardiac arrhythmias was
not performed in the generation of the par-
tial effect estimates in the present study;
and the included cohort studies, which are
of superior quality with respect to study
design, did not consider cardiac arrhyth-
mias other than AF. Therefore, we might
have failed to comprehensively evaluate
the relationship of NAFLD with the risk
of cardiac arrhythmia in patients. Fourth,
the cross-sectional design of the analysis
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does not permit causality to be ascribed in

the relationship between NAFLD and the

risk of cardiac arrhythmia. Finally, few of

the included studies assessed PAC/PVC

and/or heart block, which placed the

meta-analysis at the risk of some degree of

publication bias.
The present study also had several

strengths. Because of the sharp rises in the

prevalences of NAFLD and cardiac

arrhythmias worldwide, we believe that

the results of this meta-analysis have impor-

tant clinical implications. First, to the best

of our knowledge, this was the first large-

scale meta-analysis to evaluate the link

between cardiac arrhythmias (including

prolonged QT interval, PAC/PVC and

heart block) and NAFLD. Second, For

AF, we have extracted or calculated ORs

(or HRs) and the related 95% CIs for

each of the included studies, to increase

the reliability of the results. Third, sensitiv-

ity analysis was also performed to identify

factors that might have influenced the

results. Finally, we conducted a comprehen-

sive search of PubMed, Embase, the Web of

Science database and the Cochrane Library

to identify studies that investigated the rela-

tionship between NAFLD and the risk of

cardiac arrhythmia. In addition, most of

the studies included in the present meta-

analysis were of high quality. All these fac-

tors strengthen our conclusions.

Conclusion

Our systematic review and meta-analysis

have demonstrated a higher risk of cardiac

arrhythmia, including AF, prolonged QT

interval, PAC/PVC and heart block, in

patients with NAFLD. Further prospective

studies and basic research should be con-

ducted to better understand the relation-

ships between NAFLD and cardiac

arrhythmias and the potential mechanisms

involved.
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