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Background and objective: The association between atrial fibrillation (AF) and

non-alcoholic fatty liver disease (NAFLD) or metabolic-associated fatty liver

disease (MAFLD) has been explored in recent cohort studies, however, the

results have been controversial and inconclusive. This meta-analysis aimed to

explore this potential association.

Methods: We systematically searched PubMed, Embase, and Web of Science

databases to identify all relevant cohort studies investigating the association

between NAFLD/MAFLD and AF published from database inception to October

30, 2022. Random-effects models were utilized to calculate hazard ratios (HRs)

with 95% confidence intervals (CIs) for summary purposes. Additionally,

subgroup and sensitivity analyses were performed.

Results: A total of 13 cohort studies with 14 272 735 participants were included.

Among these, 12 cohort studies with 14 213 289 participants (median follow-up

of 7.8 years) showed a significant association between NAFLD and an increased

risk of incident AF (HR = 1.18, 95% CI: 1.12-1.23, P < 0.00001). Our subgroup

analyses mostly yielded similar results, and the results of sensitivity analyses

remained unchanged. However, meta-analysis of data from 2 cohort studies with

59 896 participants (median follow-up of 2.15 years) showed that MAFLDwas not

linked to incident AF (HR = 1.36, 95% CI: 0.63-2.92, P = 0.44).

Conclusion: Current evidence shows that NAFLD may be linked to a slightly

higher risk of developing AF, particularly among Asian populations and those

diagnosed with NAFLD using FLI criteria. Nevertheless, there is not enough

evidence to support the proposed association between MAFLD and an

increased risk of AF. To better understand this relationship, future studies
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should consider factors such as specific population, the severity of NAFLD/

MAFLD, diagnostic methods of NAFLD and AF, and cardiometabolic risk factors.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero,

identifier CRD42022371503.
KEYWORDS

metabolic dysfunction-associated fatty liver disease, atrial fibrillation, systematic
review, meta-analysis, cohort studies, non-alcoholic fatty liver disease
1 Introduction

With growing incidence of obesity and metabolic syndrome in

recent years, non-alcoholic fatty liver disease (NAFLD) has emerged

as the most prevalent liver disorder across the globe (1). Recent

evidence reveals that the global prevalence of NAFLD in adults is

estimated at 30%. Latin America reports the highest prevalence rate

at 44%, followed by the Middle East and North Africa at 37%, South

Asia at 34%, South-East Asia at 33%, North America at 31%, East

Asia at 30%, Asia-Pacific at 28%, and Western Europe at 25% (2).

NAFLD is a widespread condition that is identified by the presence

of excessive fat accumulation in the liver of individuals without

heavy alcohol consumption or other liver illnesses (3). NAFLD

encompasses a variety of conditions, ranging from nonalcoholic

fatty liver (NAFL) to the more severe nonalcoholic steatohepatitis

(NASH), which can lead to liver cirrhosis and hepatocellular

carcinoma (HCC) (4, 5). In the USA, UK, and France, NAFLD is

already the most rapidly increasing cause of HCC (4). There is an

increasing amount of evidence suggesting that NAFLD is

multisystem disease, and its clinical and economic burden is not

only confined to progressive liver disease (NASH, liver fibrosis,

cirrhosis and HCC) but also linked to an increased risk of many

extrahepatic diseases, such as cardiovascular disease (CVD),

chronic kidney disease (CKD), diabetes mellitus (DM), and

extrahepatic cancers (6–10).

Atrial fibrillation (AF) is the most frequently occurring persistent

cardiac rhythm disorder and a prevailing reason for ischaemic stroke.

AF is associated with an increased risk of mortality and morbidity

stemming from stroke, congestive heart failure (CHF) and

thromboembolism, and a decrease in overall quality of life, leading

to a considerable healthcare cost and public health burden (11, 12).

Common cardiovascular risk factors, such as smoking, obesity,

hypertension, and DM, have been identified as the cause of 56.5%

of new-onset AF cases (11). Considering that NAFLD and AF share

common risk factors, the correlation between NAFLD and AF has

become a subject of significant interest.

Based on our current knowledge, there have been seven meta-

analyses (13–19) conducted previously to investigate the

relationship between NAFLD and risk of AF. Nevertheless, five

(13–17) of previous meta-analyses included cross-sectional and

case-control design, and two meta-analyses (18, 19) of cohort
02
studies involved a limited number of studies (up to seven cohort

studies at most). In addition, the term metabolic (dysfunction)

associated fatty liver disease (MAFLD) was put forward as a

potential substitute for NAFLD by an international consensus in

2020 (20). In view of the differences between the criteria for NAFLD

and MAFLD, previous meta-analyses did not evaluate the

correlation between MAFLD and the likelihood of developing AF

due to limited data. In the last two years, numerous high-quality

cohort studies on the topic have been published, yet the results

remain controversial and inconclusive. These newly studies have

sparked our enthusiasm for updating existing evidence. Therefore,

an updated systematic review and meta-analysis of cohort studies

was carried out to determine the exact nature and extent of the

correlation between NAFLD and the likelihood of developing AF.
2 Materials and methods

2.1 Registration of protocol

The protocol of this systematic review has been previously

registered on PROSPERO platform with registration number

CRD42022371503. Our study was carried out in accordance with

the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) statement (21) and the Meta-analysis Of

Observational Studies in Epidemiology (MOOSE) reporting

guidelines (22), as per our commitment to these guidelines.
2.2 Search strategy

A comprehensive search of PubMed, Embase, and Web of

Science databases was conducted to identify all relevant cohort

studies investigating the relationship between NAFLD/MAFLD and

the likelihood of developing AF published from database inception

to October 30, 2022, without language restrictions. The key words

were as follow: “non-alcoholic fatty liver disease”, “nonalcoholic

fatty liver disease”, “fatty liver”, “non-alcoholic fatty liver”,

“nonalcoholic fatty liver”, “non-alcoholic steatohepatitis”,

“nonalcoholic steatohepatitis”, “Metabolic dysfunction-associated

fatty liver disease”, “Metabolic associated fatty liver disease”,
frontiersin.org
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“NAFLD”, “NAFL”, “NASH”, “MAFLD”, “atrial fibrillation”, “AF”.

The search strategy utilized for PubMed can be found in online

Supplementary Table S1, which was then modified to suit the

Embase and Web of Science databases. Furthermore,

supplementary studies were sought after by examining the

references of all pertinent primary studies and review articles to

guarantee comprehensiveness.
2.3 Study selection criteria

This meta-analysis only included studies that met the following

inclusion criteria: (1) Observational cohort studies investigating the

relationship between NAFLD/MAFLD and the likelihood of

developing AF. (2) NAFLD was diagnosed through various

methods including ultrasonography (USG) or computed

tomography (CT) imaging techniques, liver biopsy, fatty liver

index (FLI), or International Classification of Diseases (ICD)

codes. These diagnoses were made only after ruling out excessive

alcohol consumption and other potential causes of liver disease. To

diagnose MAFLD, a combination of evidence is required. This

includes histological evidence through liver biopsy, imaging, or

blood biomarkers that indicate the presence of hepatic steatosis.

Furthermore, the diagnosis is confirmed if there is either

overweight/obesity, type 2 diabetes mellitus (T2DM), or metabolic

dysregulation present. (3) Studies that have reported hazard ratios

(HRs) or odds ratios (ORs) with 95% confidence intervals (CIs) for

the outcome of interest, or the study provided sufficient raw data to

calculate them. (4) Adult individuals (aged ≥18 years), regardless of

their sex or ethnicity, were included in the meta-analysis. In

instances where multiple studies were conducted on the same

cohort or populations with some overlap, the one that provided

the most in-depth data was taken into account. The study set out

exclusion criteria that comprised of: (1) cross-sectional or case-

control studies; (2) comments, editorials, letters, animal studies,

reviews and meta-analyses; (3) studies with insufficient data; and (4)

duplicate publications. In accordance with the aforementioned

criteria, two investigators independently selected all the studies

that met the eligibility requirements. Any discrepancies were

resolved by discussing with each other.
2.4 Data extraction and quality assessment

Two authors extracted the data and assessed the methodological

quality from each selected study. They worked independently and

any differences were resolved through consensus. For each eligible

study, data was extracted on the surname of first author, year of

publication, nation of origin, study design, study subjects,

participants characteristics, diagnostic methods of NAFLD and

AF, follow-up time, ORs and HRs with their 95%CI, and adjusted

confounders. The evaluation of methodological quality was carried

out using the Newcastle-Ottawa Scale (NOS) (23) for cohort

studies, which employs a star-based system (with a maximum of
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9 stars) to evaluate a study that contains three domains: participants

selection (with a maximum of four stars), comparability (with a

maximum of two stars), and identification of outcomes of interest

(with a maximum of three stars). The quality of the studies was

assessed and classified into three groups: high quality (rated 7 stars

or above), moderate quality (rated between 4 and 6 stars), and low

quality (rated below 4 stars) (24).
2.5 Statistical analysis

The Cochrane Collaboration’s Review Manager software

(Version 5.3, Copenhagen, Denmark) was utilized to conduct

meta-analyses. Utilizing a random-effects model and the generic

inverse variance method of DerSimonian and Laird (25), the

estimation of effect size was calculated. Given the relatively low

outcome of interest, ORs were treated as approximations of HRs

because of the low incidence rates (26). For each eligible study, the

effect size was determined by the HRs with 95% CIs. In case of report

of adjusted ORs/HRs, the one that was adjusted for the greatest

number of confounding variables was selected. To evaluate statistical

heterogeneity among the studies, we utilized the Cochran’s Q-test

(with a significance level of P < 0.10) and the I² statistic. Insignificant

heterogeneity is represented by a value of I2 between 0-25%. Low

heterogeneity is represented by a value of I2 between 26-50%.

Moderate heterogeneity is represented by a value of I2 between 51-

75%. Finally, high heterogeneity is represented by a value of I2

between 76-100% (27). When possible, we conducted subgroup

analyses to investigate how certain study and participant

characteristics affect the findings and elucidate potential causes of

heterogeneity. Sensitivity analysis was conducted by excluding each of

the included studies at a time to evaluate the possible excessive

influence of individual studies on overall pooled estimates. To assess

the possibility of publication bias, STATA/SE software (Version 12.0,

STATA Corporation, Texas, USA) was used to examine the funnel

plots, Begg’s test (28), and Egger’s test (29). A statistically significant

result was considered when P < 0.05. If there is publication bias, a

trim-and-fill method (30) was utilized to examine the influence of

publication bias on the overall results.
3 Results

3.1 Study selection

In total, 1195 records were found through the search. Upon

removing duplicate publications and screening of titles and

abstracts, 61 articles met the full-text screening criteria. Upon

thorough examination of the remaining 61 articles that were

potentially eligible, we proceeded to 48 articles with various

reasons, which are described in detail in online Supplementary

Table S2. Consequently, we identified 13 cohort studies (31–43) in

our meta-analysis. The process of literature search and study

selection is illustrated in Figure 1.
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3.2 Study characteristics

Table 1 provides a summary of the key attributes of the studies

that were included. Thirteen longitudinal cohort studies with 14 272

735 adult participants were included in our meta-analysis. The

range of publication period spanned from 2013 to 2022. One study

(33) was presented in the form of an abstract, while the remaining

studies were published in full-text. All the studies came from

different countries across three continents. Six studies (31, 32, 36,

37, 40, 43) were conducted in Europe (Italy, Germany, UK,

Netherlands), five (33, 38, 39, 41, 42) in Asia (Korea and China),

two (34, 35) in North America (USA). The studies included sample

sizes that varied from 400 to 8,048,055 participants, with a mean age

range of 31 to 69 years old. Average follow-up time ranged from 2.1

to 16.3 years. Twelve studies (31–41, 43) explored the correlation

between NAFLD and AF risk, while only two studies (42, 43)

explored the correlation between MAFLD and AF risk. Regarding

diagnostic methods of NAFLD, four studies (31, 32, 36, 43) used
Frontiers in Endocrinology 04
USG, one study (34) used CT, five (33, 38–41) used FLI, two (35, 37)

used diagnostic codes (ICD codes). With respect to AF verification,

most of studies were based on electrocardiogram (ECG), ICD codes

and medical records. As shown in online Supplementary Table S3,

the table summarizs the other characteristics (study continents,

source of study subjects, adjusted confounders and corresponding

data) of included studies. With regard to the methodological quality

assessment, two studies were rated with five stars, indicating

moderate quality, while nine studies received at least seven stars

on the NOS, indicating high quality. The online Supplementary

Table S4 provides an in-depth assessment of the methodological

quality of the studies included with the NOS.
3.3 NAFLD and risk of incident AF

As shown in Figure 2, twelve studies (31–41, 43) involving 14

213 289 participants evaluated the correlation between NAFLD and
FIGURE 1

PRISMA flowchart of study selection process.
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the risk of incident AF. Overall, the result of this meta-analysis

showed that a significant correlation was observed between NAFLD

and an increased incidence of AF (HR = 1.18, 95% CI: 1.12-1.23, P <

0.00001). Statistical heterogeneity was found to be high in this

analysis (I2 = 93%, P < 0.00001).

In order to investigate the potential reasons for heterogeneity

among the studies included and possible factors affecting the overall

results, we conducted numerous subgroup analyses in various ways.

In a subgroup analysis based on study location, a significant

correlation was identified between NAFLD and an increased

incidence of AF in the subgroup from Asia (HR = 1.24, 95% CI:

1.06-1.44, P = 0.006; I2 = 97%), whereas no significant association

was observed between them in the subgroups from Europe (HR =

1.13, 95% CI: 1.00-1.28, P = 0.05; I2 = 55%) and North America (HR

= 0.86, 95% CI: 0.67-1.11, P = 0.25; I2 = 0%) (Figure 3). In a
Frontiers in Endocrinology 05
subgroup analysis based on diagnostic methods of NAFLD, we

found a significant correlation between NAFLD and the likelihood

of developing AF when using FLI (HR = 1.19, 95% CI: 1.13-1.25, P

<0.00001; I2 = 97%) for diagnosing NAFLD. However, no

significant association was observed when NAFLD was diagnosed

using imaging techniques (HR = 1.31, 95% CI: 0.80-2.12, P = 0.28;

I2 = 59%) and diagnostic codes (HR = 1.00, 95% CI: 0.71-1.40, P =

0.99; I2 = 77%) (Figure 4). In a subgroup analysis based on methods

of AF verification, the results indicated a significant correlation

between NAFLD and an increased risk of incident AF when using

diagnostic codes (HR = 1.19, 95% CI: 1.13-1.25, P <0.00001;

I2 = 96%). However, no significant association was observed when

ECG (HR = 1.36, 95% CI: 0.79-2.33, P = 0.27; I2 = 70%) and medical

records (HR = 0.82, 95% CI: 0.60-1.11, P = 0.20; I2 = 0%) were

utilized (Figure 5). In a subgroup analysis based on sample size, a
frontiersin.or
TABLE 1 Main characteristics of included studies.

Study Country Participants Sample
size

Average age
(years), male(%)

Diagnosis of
NAFLD/MAFLD

AF
verification

Follow-up
time
(mean
years)

NOS
score

Targher,
2013

Italy Type 2 diabetic
patients

400 64, 58.8 USG ECG 10 8

Käräjämäki,
2015

Italy Hypertensive
patients
with matched
control

958 51, 47.0 USG ECG 16.3 8

You, 2016 Korea General
population

232979 49, 36.3 FLI (≥30) Diagnostic
codes

3.7 5

Long, 2017 United
States

General
population

2060 59, 48.2 CT ECG 12 8

Allen, 2019 United
States

General
population

19078 54, 47.6 ICD and HICDA codes Medical
records

7 9

Baratta,
2020

Italy Patients with at
least
one
comorbidity

898 56, 62.5 USG Medical
records

3.5 5

Labenz,
2020

Germany General
population

44096 55, 50.2 ICD codes ICD codes 10 9

Roh, 2020 Korea General
population

334280 41, 48.3 FLI (>31) ICD codes 5.3 8

Lee, 2021 Korea General
population

8048055 46, 52 FLI (≥60) ICD codes 8.3 9

Zou, 2021 UK General
population

196128 56, 47.4 FLI (≥60) ICD codes 8.0 8

Choi, 2022 Korea General
population

5333907 31, 57.0 FLI (≥60) ICD codes 7.4 8

Lei, 2022 China General
population

54832 46, 63.2 Recent MAFLD criteria* ECG 2.2 8

Van Kleef,
2022

Netherlands General
population

5064 69, 50.6 USG/recent MAFLD
criteria*

ECG 2.1 7
NAFLD, nonalcoholic fatty liver disease; MAFLD, Metabolic dysfunction-associated fatty liver disease; AF, atrial fibrillation; NOS, Newcastle-Ottawa Scale; USG, Ultrasonography; ECG,
electrocardiogram; CT, Computed tomography; FLI, Fatty liver index; ICD, international classification of diseases; HICDA, Hospital International Classification of Diseases Adapted; UK, United
Kingdom; *the recent MAFLD diagnostic criteria based on steatosis together with overweight/obesity, diabetes or the presence of 2 minor metabolic dysfunction criteria.
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significant connection between NAFLD and the incidence of AF

was observed in studies that included more than 10,000 participants

(HR = 1.18, 95% CI: 1.12-1.24, P <0.00001; I2 = 96%), while studies

with a sample size of less than 10000 did not reveal any significant

association (HR = 1.31, 95% CI: 0.81-2.12, P = 0.28; I2 = 59%)

(online Supplementary Figure S1). In a subgroup analysis based on

average age of participants, the risk of developing AF was found to

be significantly associated with NAFLD in studies with an average

age less than 55 years old (HR = 1.20, 95% CI: 1.04-1.39, P = 0.01;

I2 = 95%). However, the association was not significant in studies

with an average age of 55 years old or older (HR = 1.10, 95% CI:

1.00-1.20, P = 0.05; I2 = 39%) (online Supplementary Figure S2). In

addition, we carried out subgroup analyses according to the follow-

up time, study quality, number of gender, and adjustment for

confounders. The associations between NAFLD and AF risk

coincide with the overall pooled results in all these subgroups

(online Supplementary Figures S3–S6). Table 2 displays the

results of subgroup analyses.

To further validate our results, we conducted sensitivity

analyses by excluding one study at a time. Our results
Frontiers in Endocrinology 06
demonstrated that the exclusion of any study did not have no

significant effect on the overall risk of developing AF (Table 3). In

addition, taking into account that the population of three studies

(31, 32, 36) originated from special population with certain diseases,

after excluding those three studies, we conducted a sensitivity

analysis and found that our conclusions remained consistent,

indicating that our findings were relatively robust.
3.4 MAFLD and risk of incident AF

Only two studies (42, 43) involving 59 896 participants reported

data on the correlation between MAFLD and the incidence of AF.

The study from Netherlands (43) with 5 064 individuals showed

that MAFLD was not linked to incident AF (HR = 0.91, 95% CI:

0.60-1.38, P = 0.657). However, the study from China (42) with 54

832 participants showed that MAFLDmay be linked to a higher risk

of developing AF (HR = 1.99, 95% CI: 1.39-2.83, P < 0.001). The

result of this meta-analysis indicated that MAFLD was not linked to
FIGURE 3

Forest plot of subgroup analysis based on study location.
FIGURE 2

Forest plot of association between NAFLD and risk of incident AF.
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incident AF (pooled HR = 1.36, 95% CI: 0.63-2.92, P = 0.44) with

high heterogeneity (I2 = 87%, P = 0.005) (Figure 6).
3.5 Evaluation for publication bias

Regarding the correlation between NAFLD and the likelihood

of developing AF, the Begg’s funnel plot was slightly asymmetrical

distribution (online Supplementary Figure S7). However, there is no

indication of significant publication bias, as demonstrated by the

Begg’s test and Egger’s test (PBegg= 0.732, PEgger= 0.302).
Frontiers in Endocrinology 07
4 Discussion

4.1 Main findings and
potential explanations

This updated meta-analysis (involving 13 cohort studies with

14.3 million adults) synthesized all current available evidence

regarding the relationship between NAFLD/MAFLD and the

likelihood of developing AF. Meta-analysis of data from 12 cohort

studies with 14 213 289 participants (median follow-up of 7.8 years)

showed that there was a significant association between NAFLD
FIGURE 5

Forest plot of subgroup analysis based on methods of AF verification.
FIGURE 4

Forest plot of subgroup analysis based on diagnostic methods of NAFLD.
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and a 1.18-fold increase in the risk of developing AF. Despite

stratification by follow-up time, average age of participants, number

of gender, study quality, or confounders adjustment, the magnitude

of this risk remained substantially unchanged. The results of

sensitivity analyses were robust. However, meta-analysis of data

from 2 cohort studies with 59 896 participants (median follow-up of

2.15 years) showed that MAFLD was not linked to incident AF.

Considering that the prevalence of NAFLD varies in different

locations, we further conducted subgroup analysis based on study

location and found that a significant correlation was identified

between NAFLD and an increased incidence of AF in Asia, but not
Frontiers in Endocrinology 08
in North American (n = 2 studies, HR = 0.86, 95% CI: 0.67-1.11)

and Europe (n = 6 studies, HR = 1.13, 95% CI: 1.00-1.28, P = 0.05).

This could be due to the limited sample size, resulting in insufficient

statistical power. Thus, future studies with large samples should

further confirm the relationship between NAFLD and AF in

theses regions.

In this meta-analysis, the diagnostic methods of NAFLD based

on imaging techniques (4 studies using USG, 1 using CT), FLI (5

studies), and diagnostic codes from databases (2 studies), the results

of our subgroup analysis based on diagnostic methods of NAFLD

indicated that NAFLD diagnosed by FLI had an elevated risk of
TABLE 2 Subgroup analyses of association between NAFLD and risk of incident AF.

Subgroup No. of studies HR (95%CI) Passociation I2 (%) P heterogeneity

Study location

Europe 6 1.13 (1.00-1.28) 0.05 55 0.05

Asia 4 1.24 (1.06-1.44) 0.006 97 < 0.00001

North America 2 0.86 (0.67-1.11) 0.25 0 < 0.00001

Diagnostic methods of NAFLD

Imaging techniques 5 1.31 (0.80-2.12) 0.28 59 0.04

Diagnostic codes 2 1.00 (0.71-1.40) 0.99 77 0.04

FLI 5 1.19 (1.13-1.25) < 0.00001 97 < 0.00001

Methods of AF verification

ECG 4 1.36 (0.79-2.33) 0.27 70 0.02

Diagnostic codes 6 1.19 (1.13-1.25) < 0.00001 96 < 0.00001

Medical records 2 0.82 (0.60-1.11) 0.20 0 0.81

Follow-up time

≥ 5 years 9 1.19 (1.13-1.25) < 0.00001 95 < 0.00001

< 5 years 3 1.12 (1.02-1.23) 0.02 0 0.55

Sample size

>10000 7 1.18 (1.12-1.24) < 0.00001 96 < 0.00001

<10000 5 1.31 (0.81-2.12) 0.28 59 0.04

Average age of participants

≥ 55 years 6 1.10 (1.00-1.20) 0.05 39 0.14

< 55 years 6 1.20 (1.04-1.39) 0.01 95 < 0.00001

Number of gender

Male ≥ Female 6 1.22 (1.02-1.47) 0.03 95 < 0.00001

Male < Female 6 1.12 (1.02-1.23) 0.02 68 0.008

Study quality

High-quality 10 1.18 (1.12-1.25) < 0.00001 94 < 0.00001

Moderate-quality 2 1.13 (1.03-1.24) 0.01 0 0.88

Adjustment for confounders

Adjusted 11 1.18 (1.12-1.23) < 0.00001 93 < 0.00001

Unadjusted (Crude) 10 1.65 (1.34-2.04) < 0.00001 98 < 0.00001
HR, hazard ratio; CI, confidence interval; NAFLD, nonalcoholic fatty liver disease; FLI, Fatty liver index; AF, atrial fibrillation; ECG, electrocardiogram.
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developing AF, but NAFLD diagnosed by imaging techniques and

diagnostic codes were not significantly associated with risk of

incident AF. The findings suggest that the association between

NAFLD identified by FLI and the risk of AF is considerably

stronger. Currently, USG is the first-line imaging technique for

diagnosing hepatic steatosis, with a high sensitivity and specificity

for detecting moderate steatosis (44). Nevertheless, its sensitivity is

not very accurate when the steatotic hepatocytes are less than 10%-

12.5% (45, 46). Similarly, CT has been found to be more sensitive

and specific for detecting moderate-to-severe liver steatosis. FLI, a

surrogate measure for diagnosing NAFLD, provided good

diagnostic accuracy (0.84) for fatty liver (47). Nevertheless,

compared to liver biopsy, FLI is not as precise in detecting and

assessing hepatic steatosis (44). Liver biopsy is commonly accepted

as the gold standard for clinical diagnosis of NAFLD and could

determine the severity of NAFLD, but it is not suitable for

epidemiological studies (3). In order to gain a better

understanding of the relationship between them, future studies

should take advantage of more precise and practical diagnostic

methods for NAFLD.

We also performed subgroup analyses based on methods of AF

verification, sample size, and average age of participants. The result

showed that a significant correlation between NAFLD and an

increased risk of incident AF when using diagnostic codes for

diagnosing AF, whereas no significant association was observed

when using ECG and medical records. Similarly, there were no
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significant difference in studies with sample size less than 10 000

and average age of participants less than 50 years. The reason for

this could be attributed to the limited number of studies and small

sample size in these subgroups.

Given the difference between the diagnostic criteria of MAFLD

and NAFLD, and the emphasis of MAFLD on the contribution of

metabolic risk factors, our meta-analysis further analyzed the

relationship MAFLD and the risk of incident AF, however, the

result showed that no significant association was observed between

them. In view of limited number studies and short follow-up time,

future studies are need.

At present, the exact mechanisms of the relationship between

NAFLD and an elevated risk of AF is yet to be elucidated. There are

several potential explanations. First, systemic inflammation and

oxidative stress may be significant factors in the development of AF

in individuals with NAFLD. Low-grade systemic inflammation is a

critical characteristic of NAFLD (7, 48). A proinflammatory milieu

and oxidative stress can be caused by obesity, which is the result of a

decreased release of the anti-inflammatory mediator adiponectin

and an increased release of inflammatory mediators such as tumor

necrosis factor (TNF)-a, interleukin (IL)-6, and C-reactive protein

(CRP) from adipose tissue (49). Studies have demonstrated a link

between heightened levels of proinflammatory biomarkers (plasma

IL-6 and CRP) and a rise in incident AF (50, 51). Second, evidence

of ectopic fat accumulation is frequently seen in other areas such as

the myocardial, pericardial, epicardial and perivascular depots.
TABLE 3 Results of sensitivity analyses.

Studies omitted HR (95% CI) Passociation Heterogeneity

Targher, 2013 1.17 (1.12-1.23) <0.00001 I2 = 93%, P < 0.00001

Käräjämäki, 2015 1.17 (1.12-1.23) <0.00001 I2 = 93%, P < 0.00001

You, 2016 1.18 (1.12-1.25) <0.00001 I2 = 93%, P < 0.00001

Long, 2017 1.18 (1.12-1.24) <0.00001 I2 = = 93%, P < 0.00001

Allen, 2019 1.18 (1.13-1.24) <0.00001 I2 = 93%, P < 0.00001

Baratta, 2020 1.18 (1.12-1.23) <0.00001 I2 = 93%, P < 0.00001

Labenz, 2020 1.18 (1.12-1.24) <0.00001 I2 = 93%, P < 0.00001

Roh, 2020 1.17 (1.11-1.23) <0.00001 I2 = 93%, P < 0.00001

Lee, 2021 1.17 (1.03-1.32) 0.02 I2 = 93%, P < 0.00001

Zou, 2021 1.18 (1.05-1.32) 0.005 I2 = 91%, P < 0.00001

Choi, 2022 1.12 (1.08-1.16) <0.00001 I2 = 80%, P < 0.00001

van Kleef, 2022 1.18 (1.12-1.24) <0.00001 I2 = 93%, P < 0.00001
FIGURE 6

Forest plot of association between MAFLD and risk of incident AF.
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These fat depots may act as an active endocrine and paracrine

organ, secreting pro-inflammatory and vasoactive mediators which

can lead to structural and functional damage to the myocardium (7,

52). Third, some studies indicated that NAFLD was linked to

cardiac autonomic dysfunction, which may contribute to the

incidence of AF (53–55). Fourth, adiponectin, an adipokine

created mainly by adipocytes, is essential for maintaining

metabolic and cardiovascular balance. Adiponectin may act as a

bridge between adipose tissue, cardiac cells, and the vasculature,

thereby playing a crucial role in this exchange (56, 57). NAFLD was

linked to an increase in epicardial adipose tissue (EAT) (58). Being

situated close to the myocardium and without fascia, EAT can

directly affect the coronary arteries and myocardium through the

paracrine actions of locally secreted adipocytokines and other

bioactive molecules, thus contributing to the emergence of AF

(56). Fifth, the relationship between NAFLD and cardiac

remodeling and arrhythmia may be attributed to shared factors

such as metabolic dysregulation and systemic insulin resistance

induced by NAFLD (58).

Notably, our meta-analysis indicated that NAFLD may be

linked to a slightly higher risk of developing AF. Subgroup

analysis, however, revealed that this correlation was only

significant in the Asian population, whereas it was not significant

in the European and North American populations. We speculate

that there are two possible reasons. One possible explanation was

that compared to Caucasians, Hispanics, and African Americans,

Asian NAFLD patients display more intense liver histological

damage. Even though Asian people, such as those from South

Korea, the Philippines, China, and India, had a lower BMI, their

liver lobular inflammation and ballooning were more severe.

Moreover, Asians living in the United States are more likely to

suffer from severe liver steatosis and steatohepatitis than Caucasians

(59). That is to say, Asian populations were more likely to

experience liver tissue inflammation, which is a contributing

factor to the development of AF. Another possible explanation

was that the relatively small sample size in North America and

Europe (but relatively large in Asia) could impact disparities in the

likelihood of developing AF.

Current evidence suggests that the NAFLD spectrum is an

emerging condition that may be associated with cardiovascular

disease, including AF. Therefore, once their causal relationship is

finally determined, a large number of patients with advanced liver

disease will be candidates for anticoagulation, which is challenging

in cirrhotic patients who exhibit an unstable hemostatic balance

fluctuating between thrombosis and bleeding (60).
4.2 Comparison with previous studies

To our best knowledge, the present study is the most updated,

largest and most comprehensive meta-analysis examining the

relationship between NAFLD/MAFLD and the likelihood of

developing AF to date. In 2017, Minhas et al. (13) conducted a

meta-analysis of 3 observational studies (1 cross-sectional and 2
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cohort) and showed that individuals with NAFLD have an increased

likelihood of developing AF (OR = 2.47, 95% CI: 1.30-4.66, P =

0.005). In the same year, other two meta-analyses performed by

Zhou et al. (14) (including 2 cross-sectional and 2 cohort studies)

and Wijarnpreecha et al. (15) (including 2 cross-sectional and 3

cohort studies) yielded similar results. However, the above three

meta-analyses (13–15) should be explained cautiously, since the

data of cross-sectional studies and cohort studies were combined at

the same time, and the sources of heterogeneity are not further

comprehensively explored because of the limited number of studies

included. In 2019, Mantovani et al. (16) performed a meta-analysis

of 5 cross-sectional and 4 cohort studies, and the results indicated

that NAFLD was linked to a higher likelihood of prevalent AF (OR

= 2.07, 95% CI: 1.38-3.10) in cross-sectional studies, whereas the

results of data from 4 cohort studies indicated that the occurrence of

AF was not found to be significantly higher in individuals with

NAFLD (HR = 1.34, 95% CI: 0.92-1.95). Further stratified analysis

based on the type of cohort population found that NAFLD was only

linked to a greater risk of incident AF in individuals with type 2

diabetes (n = 1 study; HR = 4.96, 95% CI:1.42-17.28). Whereafter,

Gong et al. (17) conducted a larger meta-analysis including 1 case-

control, 7 cross-sectional and 6 cohort studies, and the results

indicated that NAFLD was independently linked to higher risks of

AF (case-control and cross-sectional studies: OR = 1.71, 95% CI,

1.14-2.57; cohort studies: HR = 1.12, 95% CI: 1.11-1.13).

Considering that different study designs may affect the

relationship between NAFLD and AF, recent two meta-analyses

(18, 19) only explored the relationship between them in cohort

studies. In 2020, Cai and colleagues (18), who included 6 cohort

studies involving 614 673 individuals, indicated that the presence of

NAFLD was linked to a higher likelihood of developing incident AF

after multivariable adjustment (RR= 1.19, 95% CI:1.07-1.31).

Recently, Alon et al. (19) conducted a meta-analysis of 7 cohort

studies involving 8 115 545 individuals and showed that the

presence of NAFLD was linked to a higher likelihood of

developing incident AF (OR = 1.27, 95%CI: 1.18-1.37). However,

the results of this meta-analysis were mainly based on data from

unadjusted confounding factors. Furthermore, all cohort studies

included in the two meta-analyses mentioned above were included

in our study.

Compared to seven aforementioned smaller meta-analyses, our

updated meta-analysis confirm and further extend their findings.

First, our updated meta-analysis included the most comprehensive

cohort studies (n = 13 studies) and increases the total sample size

(about 14.3 million), especially including newly published cohort

studies that were not included in the previous meta-analysis

(6 additional studies), thus providing the most up-to-date and

sufficient epidemiologic evidence on the association between

NAFLD/MAFLD and risk of incident AF. Second, we excluded

cross-sectional and case-control study design because they are more

susceptible to bias. Third, we further evaluated the association

between MAFLD (a novel terminology) and risk of incident AF.

Despite the limited amount of research conducted, definitive

conclusions has yet to be determined.
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4.3 Limitations

This present study is not without its limitations. Firstly,

although most of the eligible studies were high-quality cohort

studies, the causal relationship cannot be established because of

the observational study design. Secondly, most of included studies

adjusted for age, sex, obesity/body mass index, diabetes or fasting

glucose, hypertension or blood pressure, and other cardiometabolic

risk factors, but these adjusted factors were not consistent and

incomplete adjustments among these studies. Furthermore,

unmeasured or residual confounding factors cannot be ruled out.

Thirdly, previous studies have suggested that liver stiffness may be

related to the occurrence of AF (43), and liver fibrosis indexes were

independently linked to risk of incident cardiovascular events (36).

We speculate that evolutive NAFLD (liver fibrosis) may be more

associated with AF, however, our study could not further analyze

the severity of NAFLD (NASH, liver fibrosis or cirrhosis) and risk of

incident AF due to a limited number of relevant data. Future

research should address this issue. Fourthly, high statistical

heterogeneity was observed in our meta-analysis, which limit the

reliability of the conclusions of this study. We used random effects

model to merge data because it captured uncertainty resulting from

heterogeneity among studies (61). We also conducted numerous

subgroup analyses and sensitivity analyses to explore the potential

sources of statistical heterogeneity among the included studies.

Different demographic characteristics of study populations,

diagnostic methods of NAFLD and AF, severity of NAFLD,

follow-up time, and adjustment for confounders may lead to this

heterogeneity. Fifthly, the methods of AF verification were mainly

based on standard ECG and ICD codes. Standard ECG may not

accurately diagnose paroxysmal AF, which requires 24-hour Holter

monitoring to diagnose. Misclassification bias may result from

incorrect or insufficient coding of diagnostic codes (ICD codes)

(37). This may have some impact on the results. Finally, the

research evidence on the correlation between MAFLD and AF

remains scarce, and the follow-up time was relatively short

(approximately 2 years), since the term NAFLD has changed to

MAFLD, future research should further explore the potential

association in longer follow-up time.
5 Conclusions

Current updated evidence shows that NAFLD may be linked to

a slightly higher risk of developing AF, particularly among Asian

populations and those diagnosed with NAFLD using FLI criteria.

Nevertheless, there is not enough evidence to support the proposed

association between MAFLD and an increased risk of AF. To better

understand this relationship, future studies should consider factors

such as specific population, the severity of NAFLD/MAFLD,
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diagnostic methods of NAFLD and AF, and cardiometabolic

risk factors.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

B-GZ, S-YJ, Y-ZM, and Y-BD participated in the design of this

study. B-GZ, Y-ZM, XJ collected and analyzed the data. MW and A-

JZ sorted the data. B-GZ drafted the manuscript. Y-BD revised the

manuscript. All authors have read and approved the final manuscript.
Funding

This work was supported by National Natural Science

Foundation of China (No. 82273084), the Strengthening Health

Care via Science and Education Project and Clinical Medical

Innovation Platform Foundation of Yangzhou (YXZX20184), and

the Major Public Health Projects in Yangzhou: Screening projects of

early gastrointestinal diseases (2018).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1160532/

full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1160532/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1160532/full#supplementary-material
https://doi.org/10.3389/fendo.2023.1160532
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhou et al. 10.3389/fendo.2023.1160532
References
1. Sanyal AJ. Past, present and future perspectives in nonalcoholic fatty liver disease.
Nat Rev Gastroenterol Hepatol (2019) 16(6):377–86. doi: 10.1038/s41575-019-0144-8

2. Younossi ZM, Golabi P, Paik JM, Henry A, Van Dongen C, Henry L. The global
epidemiology of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH): a systematic review. Hepatology (2023) 77(4):1335–47. doi:
10.1097/HEP.0000000000000004

3. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, 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–
57. doi: 10.1002/hep.29367

4. Huang DQ, El-Serag HB, Loomba R. Global epidemiology of NAFLD-related
HCC: trends, predictions, risk factors and prevention. Nat Rev Gastroenterol Hepatol
(2021) 18(4):223–38. doi: 10.1038/s41575-020-00381-6

5. Stefan N, Häring HU, Cusi K. Non-alcoholic fatty liver disease: causes, diagnosis,
cardiometabolic consequences, and treatment strategies. Lancet Diabetes Endocrinol
(2019) 7(4):313–24. doi: 10.1016/S2213-8587(18)30154-2

6. Byrne CD, Targher G. NAFLD: a multisystem disease. J Hepatol (2015) 62(1
Suppl):S47–64. doi: 10.1016/j.jhep.2014.12.012

7. Anstee QM, Mantovani A, Tilg H, Targher G. Risk of cardiomyopathy and
cardiac arrhythmias in patients with nonalcoholic fatty liver disease. Nat Rev
Gastroenterol Hepatol (2018) 15(7):425–39. doi: 10.1038/s41575-018-0010-0

8. Mantovani A, Petracca G, Beatrice G, Tilg H, Byrne CD, Targher G. Non-
alcoholic fatty liver disease and risk of incident diabetes mellitus: an updated meta-
analysis of 501 022 adult individuals. Gut (2021) 70(5):962–9. doi: 10.1136/gutjnl-2020-
322572

9. Mantovani A, Petracca G, Beatrice G, Csermely A, Lonardo A, Schattenberg JM,
et al. Non-alcoholic fatty liver disease and risk of incident chronic kidney disease: an
updated meta-analysis. Gut (2022) 71(1):156–62. doi: 10.1136/gutjnl-2020-323082

10. Mantovani A, Petracca G, Beatrice G, Csermely A, Tilg H, Byrne CD, et al. Non-
alcoholic fatty liver disease and increased risk of incident extrahepatic cancers: a meta-
analysis of observational cohort studies. Gut (2022) 71(4):778–88. doi: 10.1136/gutjnl-
2021-324191

11. Lip GY, Tse HF, Lane DA. Atrial fibrillation. Lancet (2012) 379(9816):648–61.
doi: 10.1016/S0140-6736(11)61514-6

12. Kirchhof P. The future of atrial fibrillation management: integrated care and
stratified therapy. Lancet (2017) 390(10105):1873–87. doi: 10.1016/S0140-6736(17)
31072-3

13. Minhas AM, Usman MS, Khan MS, Fatima K, Mangi MA, Illovsky MA. Link
between non-alcoholic fatty liver disease and atrial fibrillation: a systematic review and
meta-analysis. Cureus (2017) 9(4):e1142. doi: 10.7759/cureus.1142

14. Zhou Y, Lai C, Peng C, Chen M, Li B, Wang X, et al. Nonalcoholic fatty liver
disease as a predictor of atrial fibrillation: a systematic review and meta-analysis.
Postepy Kardiol Interwencyjnej (2017) 13(3):250–7. doi: 10.5114/aic.2017.70198

15. Wijarnpreecha K, Boonpheng B, Thongprayoon C, Jaruvongvanich V,
Ungprasert P. The association between non-alcoholic fatty liver disease and atrial
fibrillation: a meta-analysis. Clin Res Hepatol Gastroenterol (2017) 41(5):525–32. doi:
10.1016/j.clinre.2017.08.001

16. Mantovani A, Dauriz M, Sandri D, Bonapace S, Zoppini G, Tilg H, et al.
Association between non-alcoholic fatty liver disease and risk of atrial fibrillation in
adult individuals: an updated meta-analysis. Liver Int (2019) 39(4):758–69. doi:
10.1111/liv.14044

17. Gong H, Liu X, Cheng F. Relationship between non-alcoholic fatty liver disease
and cardiac arrhythmia: a systematic review and meta-analysis. J Int Med Res (2021) 49
(9):3000605211047074. doi: 10.1177/03000605211047074

18. Cai X, Zheng S, Liu Y, Zhang Y, Lu J, Huang Y. Nonalcoholic fatty liver disease is
associated with increased risk of atrial fibrillation. Liver Int (2020) 40(7):1594–600. doi:
10.1111/liv.14461

19. Alon L, Corica B, Raparelli V, Cangemi R, Basili S, Proietti M, et al. Risk of
cardiovascular events in patients with non-alcoholic fatty liver disease: a systematic
review and meta-analysis. Eur J Prev Cardiol (2022) 29(6):938–46. doi: 10.1093/eurjpc/
zwab212

20. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M,
et al. A new definition for metabolic dysfunction-associated fatty liver disease:An
international expert consensus statement. J Hepatol (2020) 73(1):202–9. doi: 10.1016/
j.jhep.2020.03.039

21. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ (2021) 372:n71. doi: 10.1136/bmj.n71

22. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: a proposal for reporting.Meta-
anal Of Observat Stud Epidemiol (MOOSE) Group JAMA (2000) 283(15):2008–12. doi:
10.1001/jama.283.15.2008

23. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol (2010) 25
(9):603–5. doi: 10.1007/s10654-010-9491-z
Frontiers in Endocrinology 12
24. Khan MA, Yuan Y, Iqbal U, Kamal S, Khan M, Khan Z, et al. No association
linking short-term proton pump inhibitor use to dementia: systematic review and
meta-analysis of observational studies. Am J Gastroenterol (2020) 115(5):671–8. doi:
10.14309/ajg.0000000000000500

25. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
(1986) 7(3):177–88. doi: 10.1016/0197-2456(86)90046-2

26. Wijarnpreecha K, Lou S, Panjawatanan P, Cheungpasitporn W, Pungpapong S,
Lukens FJ, et al. Cigarette smoking and risk of celiac disease: a systematic review and
meta-analysis. United Eur Gastroenterol J (2018) 6(9):1285–93. doi: 10.1177/
2050640618786790

27. Higgins JP, Thompson SG, Deeks JJ, Altman DG, et al. Measuring inconsistency
in meta-analyses. BMJ (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

28. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics (1994) 50(4):1088–101. doi: 10.2307/2533446

29. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ (1997) 315(7109):629–34. doi: 10.1136/bmj.315.7109.629

30. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing
and adjusting for publication bias in meta-analysis. Biometrics (2000) 56(2):455–63.
doi: 10.1111/j.0006-341X.2000.00455.x

31. Targher G, Valbusa F, Bonapace S, Bertolini L, Zenari L, Rodella S, et al. Non-
alcoholic fatty liver disease is associated with an increased incidence of atrial fibrillation
in patients with type 2 diabetes. PloS One (2013) 8(2):e57183. doi: 10.1371/
journal.pone.0057183

32. Käräjämäki AJ, Pätsi OP, Savolainen M, Kesäniemi YA, Huikuri H, Ukkola O.
Non-alcoholic fatty liver disease as a predictor of atrial fibrillation in middle-aged
population (OPERA study). PloS One (2015) 10(11):e0142937. doi: 10.1371/
journal.pone.0142937

33. You SC, Yang PS, Kim TH, Uhm JS, Pak HN, Lee MH, et al. Non-alcoholic fatty
liver disease is independently associated with new onset atrial fibrillation: a nationwide
cohort study in Korea. J Am Coll Cardiol (2016) 67(13 SUPPL1):854. doi: 10.1016/
S0735-1097(16)30855-5

34. Long MT, Yin X, Larson MG, Ellinor PT, Lubitz SA, McManus DD, et al.
Relations of liver fat with prevalent and incident atrial fibrillation in the framingham
heart study. J Am Heart Assoc (2017) 6(5):e005227. doi: 10.1161/JAHA.116.005227

35. Allen AM, Therneau TM, Mara KC, Larson JJ, Watt KD, Hayes SN, et al.
Women with nonalcoholic fatty liver disease lose protection against cardiovascular
disease: a longitudinal cohort study. Am J Gastroenterol (2019) 114(11):1764–71. doi:
10.14309/ajg.0000000000000401

36. Baratta F, Pastori D, Angelico F, Balla A, Paganini AM, Cocomello N, et al.
Nonalcoholic fatty liver disease and fibrosis associated with increased risk of
cardiovascular events in a prospective study. Clin Gastroenterol Hepatol (2020) 18
(10):2324–2331.e4. doi: 10.1016/j.cgh.2019.12.026

37. Labenz C, Huber Y, Michel M, Nagel M, Galle PR, Kostev K, et al. Impact of
NAFLD on the incidence of cardiovascular diseases in a primary care population in
Germany. Dig Dis Sci (2020) 65(7):2112–9. doi: 10.1007/s10620-019-05986-9

38. Roh JH, Lee JH, Lee H, Yoon YH, Kim M, Kim YG, et al. Association between
non-alcoholic fatty liver disease and risk of new-onset atrial fibrillation in healthy
adults. Liver Int (2020) 40(2):338–46. doi: 10.1111/liv.14236

39. Lee SR, Han KD, Choi EK, Oh S, Lip GYH. Nonalcoholic fatty liver disease and
the risk of atrial fibrillation stratified by body mass index: a nationwide population-
based study. Sci Rep (2021) 11(1):3737. doi: 10.1038/s41598-021-83367-x

40. Zou B, Yeo YH, Cheung R, Ingelsson E, Nguyen MH. Fatty liver index and
development of cardiovascular disease: findings from the UK biobank. Dig Dis Sci
(2021) 66(6):2092–100. doi: 10.1007/s10620-021-06954-y

41. Choi J, Lee SR, Choi EK, Ahn HJ, Kwon S, Park SH, et al. Non-alcoholic fatty
liver disease and the risk of incident atrial fibrillation in young adults: a nationwide
population-based cohort study. Front Cardiovasc Med (2022) 9:832023. doi: 10.3389/
fcvm.2022.832023

42. Lei F, Qin JJ, Song X, Liu YM, Chen MM, Sun T, et al. The prevalence of
MAFLD and its association with atrial fibrillation in a nationwide health check-up
population in China. Front Endocrinol (Lausanne) (2022) 13:1007171. doi: 10.3389/
fendo.2022.1007171

43. van Kleef LA, Lu Z, Ikram MA, de Groot NMS, Kavousi M, de Knegt RJ. Liver
stiffness not fatty liver disease is associated with atrial fibrillation: the Rotterdam study.
J Hepatol (2022) 77(4):931–8. doi: 10.1016/j.jhep.2022.05.030

44. Byrne CD, Patel J, Scorletti E, Targher G. Tests for diagnosing and monitoring
non-alcoholic fatty liver disease in adults. BMJ (2018) 362:k2734. doi: 10.1136/
bmj.k2734

45. Ballestri S, Nascimbeni F, Baldelli E, Marrazzo A, Romagnoli D, Targher G, et al.
Ultrasonographic fatty liver indicator detects mild steatosis and correlates with
metabolic/histological parameters in various liver diseases. Metabolism (2017) 72:57–
65. doi: 10.1016/j.metabol.2017.04.003

46. Bril F, Ortiz-Lopez C, Lomonaco R, Orsak B, Freckleton M, Chintapalli K, et al.
Clinical value of liver ultrasound for the diagnosis of nonalcoholic fatty liver disease in
overweight and obese patients. Liver Int (2015) 35(9):2139–46. doi: 10.1111/liv.12840
frontiersin.org

https://doi.org/10.1038/s41575-019-0144-8
https://doi.org/10.1097/HEP.0000000000000004
https://doi.org/10.1002/hep.29367
https://doi.org/10.1038/s41575-020-00381-6
https://doi.org/10.1016/S2213-8587(18)30154-2
https://doi.org/10.1016/j.jhep.2014.12.012
https://doi.org/10.1038/s41575-018-0010-0
https://doi.org/10.1136/gutjnl-2020-322572
https://doi.org/10.1136/gutjnl-2020-322572
https://doi.org/10.1136/gutjnl-2020-323082
https://doi.org/10.1136/gutjnl-2021-324191
https://doi.org/10.1136/gutjnl-2021-324191
https://doi.org/10.1016/S0140-6736(11)61514-6
https://doi.org/10.1016/S0140-6736(17)31072-3
https://doi.org/10.1016/S0140-6736(17)31072-3
https://doi.org/10.7759/cureus.1142
https://doi.org/10.5114/aic.2017.70198
https://doi.org/10.1016/j.clinre.2017.08.001
https://doi.org/10.1111/liv.14044
https://doi.org/10.1177/03000605211047074
https://doi.org/10.1111/liv.14461
https://doi.org/10.1093/eurjpc/zwab212
https://doi.org/10.1093/eurjpc/zwab212
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.14309/ajg.0000000000000500
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1177/2050640618786790
https://doi.org/10.1177/2050640618786790
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.2307/2533446
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1371/journal.pone.0057183
https://doi.org/10.1371/journal.pone.0057183
https://doi.org/10.1371/journal.pone.0142937
https://doi.org/10.1371/journal.pone.0142937
https://doi.org/10.1016/S0735-1097(16)30855-5
https://doi.org/10.1016/S0735-1097(16)30855-5
https://doi.org/10.1161/JAHA.116.005227
https://doi.org/10.14309/ajg.0000000000000401
https://doi.org/10.1016/j.cgh.2019.12.026
https://doi.org/10.1007/s10620-019-05986-9
https://doi.org/10.1111/liv.14236
https://doi.org/10.1038/s41598-021-83367-x
https://doi.org/10.1007/s10620-021-06954-y
https://doi.org/10.3389/fcvm.2022.832023
https://doi.org/10.3389/fcvm.2022.832023
https://doi.org/10.3389/fendo.2022.1007171
https://doi.org/10.3389/fendo.2022.1007171
https://doi.org/10.1016/j.jhep.2022.05.030
https://doi.org/10.1136/bmj.k2734
https://doi.org/10.1136/bmj.k2734
https://doi.org/10.1016/j.metabol.2017.04.003
https://doi.org/10.1111/liv.12840
https://doi.org/10.3389/fendo.2023.1160532
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhou et al. 10.3389/fendo.2023.1160532
47. Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione A,
et al. The fatty liver index: a simple and accurate predictor of hepatic steatosis in the
general population. BMC Gastroenterol (2006) 6:33. doi: 10.1186/1471-230X-6-33

48. Targher G, Byrne CD, Tilg H. NAFLD and increased risk of cardiovascular
disease: clinical associations, pathophysiological mechanisms and pharmacological
implications. Gut (2020) 69(9):1691–705. doi: 10.1136/gutjnl-2020-320622

49. Haghbin H, Gangwani MK, Ravi SJK, Perisetti A, Aziz M, Goyal H, et al.
Nonalcoholic fatty liver disease and atrial fibrillation: possible pathophysiological links
and therapeutic interventions. Ann Gastroenterol (2020) 33(6):603–14. doi: 10.20524/
aog.2020.0550

50. Harada M, VanWagoner DR, Nattel S. Role of inflammation in atrial fibrillation
pathophysiology and management. Circ J (2015) 79(3):495–502. doi: 10.1253/circj.CJ-
15-0138

51. Wu N, Xu B, Xiang Y, Wu L, Zhang Y, Ma X, et al. Association of inflammatory
factors with occurrence and recurrence of atrial fibrillation: a meta-analysis. Int J
Cardiol (2013) 169(1):62–72. doi: 10.1016/j.ijcard.2013.08.078

52. Venteclef N, Guglielmi V, Balse E, Gaborit B, Cotillard A, Atassi F, et al. Human
epicardial adipose tissue induces fibrosis of the atrial myocardium through the
secretion of adipo-fibrokines. Eur Heart J (2015) 36(13):795–805a. doi: 10.1093/
eurheartj/eht099

53. Sun W, Zhang D, Sun J, Xu B, Sun K, Wang T, et al. Association between non-
alcoholic fatty liver disease and autonomic dysfunction in a Chinese population. QJM
(2015) 108(8):617–24. doi: 10.1093/qjmed/hcv006

54. Liu YC, Hung CS, Wu YW, Lee YC, Lin YH, Lin C, et al. Influence of non-
alcoholic fatty liver disease on autonomic changes evaluated by the time domain,
Frontiers in Endocrinology 13
frequency domain, and symbolic dynamics of heart rate variability. PloS One (2013) 8
(4):e61803. doi: 10.1371/journal.pone.0061803

55. Agarwal SK, Norby FL, Whitsel EA, Soliman EZ, Chen LY, Loehr LR, et al.
Cardiac autonomic dysfunction and incidence of atrial fibrillation: results from 20 years
follow-up. J Am Coll Cardiol (2017) 69(3):291–9. doi: 10.1016/j.jacc.2016.10.059

56. Chiara TD, Argano C, Scaglione A, Corrao S, Pinto A, Scaglione R. Circulating
adiponectin: a cardiometabolic marker associated with global cardiovascular risk. Acta
Cardiol (2015) 70(1):33–40. doi: 10.1080/AC.70.1.3064591

57. Tontikidou C, Makri ES, Evripidou K, Goulis DG, Goulas A, Polyzos SA.
Circulating adiponectin in patients with nonalcoholic fatty liver disease-related liver
fibrosis: a systematic review and a meta-analysis. J Gastroenterol Hepatol (2022) 37
(10):1853–64. doi: 10.1111/jgh.15926

58. Chen Z, Liu J, Zhou F, Li H, Zhang XJ, She ZG, et al. Nonalcoholic fatty liver
disease: an emerging driver of cardiac arrhythmia. Circ Res (2021) 128(11):1747–65.
doi: 10.1161/CIRCRESAHA.121.319059

59. Mohanty SR, Troy TN, Huo D, O'Brien BL, Jensen DM, Hart J. Influence of
ethnicity on histological differences in non-alcoholic fatty liver disease. J Hepatol (2009)
50(4):797–804. doi: 10.1016/j.jhep.2008.11.017

60. Ballestri S, Romagnoli E, Arioli D, Coluccio V, Marrazzo A, Athanasiou A, et al.
Risk and management of bleeding complications with direct oral anticoagulants in
patients with atrial fibrillation and venous thromboembolism: a narrative review. Adv
Ther (2023) 40(1):41–66. doi: 10.1007/s12325-022-02333-9

61. Dettori JR, Norvell DC, Chapman JR. Fixed-effect vs random-effects models for
meta-analysis: 3 points to consider. Global Spine J (2022) 12(7):1624–6. doi: 10.1177/
21925682221110527
frontiersin.org

https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.1136/gutjnl-2020-320622
https://doi.org/10.20524/aog.2020.0550
https://doi.org/10.20524/aog.2020.0550
https://doi.org/10.1253/circj.CJ-15-0138
https://doi.org/10.1253/circj.CJ-15-0138
https://doi.org/10.1016/j.ijcard.2013.08.078
https://doi.org/10.1093/eurheartj/eht099
https://doi.org/10.1093/eurheartj/eht099
https://doi.org/10.1093/qjmed/hcv006
https://doi.org/10.1371/journal.pone.0061803
https://doi.org/10.1016/j.jacc.2016.10.059
https://doi.org/10.1080/AC.70.1.3064591
https://doi.org/10.1111/jgh.15926
https://doi.org/10.1161/CIRCRESAHA.121.319059
https://doi.org/10.1016/j.jhep.2008.11.017
https://doi.org/10.1007/s12325-022-02333-9
https://doi.org/10.1177/21925682221110527
https://doi.org/10.1177/21925682221110527
https://doi.org/10.3389/fendo.2023.1160532
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	A systematic review and meta-analysis of cohort studies on the potential association between NAFLD/MAFLD and risk of incident atrial fibrillation
	1 Introduction
	2 Materials and methods
	2.1 Registration of protocol
	2.2 Search strategy
	2.3 Study selection criteria
	2.4 Data extraction and quality assessment
	2.5 Statistical analysis

	3 Results
	3.1 Study selection
	3.2 Study characteristics
	3.3 NAFLD and risk of incident AF
	3.4 MAFLD and risk of incident AF
	3.5 Evaluation for publication bias

	4 Discussion
	4.1 Main findings and potential explanations
	4.2 Comparison with previous studies
	4.3 Limitations

	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References


